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HERE appears to have been a real increase in the incidence of lung ear- 
cinoma until it now has probably replaced gastric carcinoma as the first 

cause of death from cancer.’ In the ten-year period from 1938 to 1948 the 
number of reported fatalities from bronchiogenic carcinoma in the United 
States increased 144 per cent.2 The only adequate treatment of this type of 
carcinoma is pneumonectomy with complete removal of the mediastinal lymph 
nodes. One group was able to perform resection in 35 per cent of all patients 
seen, but in only 30 per cent of these was the lesion confined to the lung. Of a 
total series of 948 patients seen, 6 per cent were alive at the end of a five-year 
period.2?, The five-year survival rate in treated asymptomatic lung cancer is 
the only side of the picture to offer much encouragement. There remains a 
large number of patients with nonoperable lung cancer in which palliation is 
the only direction that therapy can take. It is with this latter group in mind 
that this problem was designed. 

A method of delivering effective radiation limited to specific segments of 
the lung and the regional lymph nodes has been attempted. The method used was 
direct instillation of a radioactive colloid into a segmental bronchus and direct 
injection of the same solution into the submucosa of the intermediate bronchus. 

The colloidal particles are apparently engulfed by phagocytes and earried 
through the lymphatic channels to the recipient lymph nodes.* ¢ 

If the radioactive dispersion in the involved segment of lung and the up- 
take in the regional lymph nodes are high enough to deliver a therapeutic 
amount of radiation, a certain degree of palliation should be anticipated. 


_— ae the Departments of Surgery and Pathology, University of Louisville School of 
edicine 

This project was supported by a grant from the Damon Runyon Memorial Fund for 
Cancer Research. 

This work was done under the supervision of Dr. Marshall Brucer, Chairman of the 
Medical Division of Oak Ridge Institute of Nuclear Studies. 

Miss Germaine Click contributed invaluable technical help and advice. 

Read at_the Thirty-third Annual Meeting of The American Association for Thoracic 
Surgery, San Francisco, Calif., March 27, 28, and 30, 1953. 
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ISOTOPE 


Radioactive colloidal Au'** was used. Colloidal Au'®* may not necessarily 
be the ideal isotope for clinical application of this method, but it was chosen 
because of its availability and short half-life which make it a convenient and 
desirable laboratory isotope. Au’ has a half-life of 2.7 days. It emits beta 
rays with maximum energy of 0.97 MEV and gamma rays with energy of 0.411 
MEV.’ Ffty per cent of the beta particles penetrate only 0.38 mm. and these 
particles are the primary source of the radiation effect. The gamma rays pene- 
trate deeply and are useful for external counting. The isotope, obtained from 
Abbott Research Laboratory of Oak Ridge, Tenn., is a colloidal solution of 
particle sizes stated to range from .003 to .004 micron. 
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Fig. 1.—Schematic diagram of the lung and regional lyinph nodes of dog indicating areas of 
assay. 


METHOD 


Apparently healthy mongrel dogs were used. The dogs were anesthetized 
with intravenous Nembutal, 30 mg. per kilogram of body weight. Two methods 
were tried. 

1. Instillation—Through a bronechoscope, a ureteral catheter was placed 
in a segmental bronchus. The bronchoscope was then removed, the head of the 
dog was elevated twelve inches, and the colloidal Au'** was injected into the 
catheter. The catheter was removed. The dog was kept in the same position 
for several hours to avoid reflux of the solution. 

2. Injection.—Through a bronehoseope, a long needle (type used for in- 
jecting esophageal varices) was placed into the submucosa of the intermediate 
bronchus. Colloidal Au’®® was injected through the needle. The site of injection 
was then re-examined to detect proper delivery. 
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DOSE 


Amounts ranging from 2 to 5 me. of colloidal Au’®* in 5 ec. of normal 


saline solution were used in the instillation method. In the five dogs that were 
observed for long-term effects, two dogs received 3 me. each, one dog 15 me., one 
25 me., and one 35 me., all in 5 e.c. volume. In the injection method, 2 me. 
in 2 ¢.e. volume was used. 

AUTOPSY AND ASSAY 

The dogs were sacrified at intervals ranging from five to sixty-one days 
after administration of the isotope. Specimens taken from various organs 
including lymph nodes (Fig. 1) were measured for radioactive uptake and 
examined for histologic changes. 

The tissues that were studied for uptakes were weighed, digested in nitric 
acid and diluted to 10 ¢.ec. volume. The activity in this wet sample was measured 
with an end-window Geiger-Miiller tube. All figures are recorded as the 
counts per minute per gram of fresh tissue, corrected for decay from the time 
of animal injections. 

RESULTS OF ASSAY 

1. Instillation Method.—Tables I and II. Twenty dogs were used in this 
experiment. The results of the assay for radioactivity showed an extremely high 
concentration in the segment of lung into which the solution had been instilled. 
High levels were also found in some of the hilar lvmph nodes. The longer 
the survival time, the greater was the number of lymph nodes that were found 
to have radioactivity. The uptake in other organs and particularly the spleen 
and liver was very low, indicating that little activity entered the blood stream.® 
Five dogs were kept for long-term studies and were allowed to survive up to 
sixty-one days. These dogs were not assayed but were examined for histologic 
changes. 

2. Injection Method.—Table III. Eight dogs were subjected to direct in- 
jection of the isotope into the submucosa of the right intermediate bronchus. In 
these the radioactive concentration in all the hilar lymph nodes was consistently 
high. The uptake in the lung was minimal. In the one exception (Dog 116) 
there was undoubtedly some leakage at the time of injection. The levels in the 
liver, spleen, and other organs were extremely low. The site of injection showed 
a high level of activity but had a lower concentration than that found in the 
regional lymph nodes. 

PATHOLOGY 

The lungs of seven dogs receiving 3 to 5 me. of colloidal Au’®* were examined 
twelve days after instillation of the isotope. The lower lobe segments of the 
right lung corresponding to the bronchus into which colloidal Au'®* was placed, 
were all heavy, red, and nonecrepitant. The remainder of the lungs showed no 
significant changes, either grossly or microscopically. The involved segments 
were the site of edema, congestion, and atelectasis. The alveolar septa were 
thickened and the lining cells were swollen; a few cells contained black pigment. 
There was extensive exudate in the alveolar sacs, composed largely of lympho- 
cytes and monocytes. A single lung (Dog 95) showed fresh necrosis. Many of 
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B. 


Fig. 2.—Dog. 89. A, Large area of necrosis and pleural reaction in lower lobe of right lung 
& « q s : 
(35 me. Au™) and B, sectional surface of necrotic area. 
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the bronchi contained loose granulation tissue and cellular debris. The epithelial 
cells of the larger bronchi appeared swollen while the cells of the more terminal 
bronchi were pyknotiec with darkly staining nuclei and often very dense 
‘*fibrinoid’?’ membranes. All sections showed heavy peribronchial cellular 
infiltrate. No significant vascular changes could be detected. 

Two dogs were examined fourteen days after instillation; one of these 
(Dog 86) showed fresh necrosis of the lung. Of two dogs sacrificed after twenty 
days, one had marked segmental necrosis of the lung. In addition to the 
necrosis, all animals had pulmonary changes similar to the twelve-day group. 

One dog (Dog 89) was examined sixty-one days after the instillation of 35 
me. of colloidal Au’®*. The posterior basal segment of the right lower lobe was 
firm, gray-white, and nonerepitant. The viseral pleura in this area was gray, 
opaque, and greatly thickened (Fig. 2). Multiple sections were examined from 
this area (Fig. 3), the surrounding lung, the left lung, and the regional lymph 
nodes. There was extensive necrosis of the grossly abnormal area with only cell 
shadows remaining and with practically no leukocytie reaction. This area con- 
tained numerous pigmented macrophages. In other areas there was fibroblastic 
proliferation and scarring, or organization of the necrotic tissue. Many 
of the fibroblasts were large and of irregular shape. There was marked prolifera- 
tion of new capillaries with large endothelial cells throughout the areas of 
organization. The adjacent lung showed fibrous thickening of the walls of the 
air saes and the various changes described in the previous series of low activity 
animals. 

The larger bronchi to the involved segment showed no significant change; 
however, the more terminal bronchi all showed destruction of the epithelium 
with organizing granulation tissue in the lumen. There was some regeneration 
of the epithelial cells with numerous large atypical forms and poor cellular 
organization. The blood vessels showed marked changes in the nature of 
proliferative and obliterative endarteritis and endophlebitis, with organizing 
thrombi. Branches of all sizes were involved. The pleura was greatly thickened 
by well-organized, young fibrous tissue. The lymph nodes varied from 0.4 to 
1 em. Microscopically they were of normal cellularity with germinal follicles 
within normal limits. The only detectable changes were: a slight increase in 
the number of plasma cells, moderate scarring, and focal conglomerations of 
reticulum cells. These changes were considered to be of a nonspecific nature. 
The liver was entirely within normal limits. 

Dog 90, receiving 15 me. colloidal Au’®*, and Dog 91 (Fig. 4), receiving 
25 me., were both examined after sixty-one days. The gross and microscopic 
findings in these two dogs were similar in all respects to the previously described, 
high dosage animal. 


DISCUSSION 


Several reports on the use of isotopes in effecting localization of radiation 
in the lungs have been presented in recent years. 

Zn®** and colloidal Au’ have been introduced through a heart catheter 
directly into the pulmonary artery or its branches and localization of radio- 
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C. 


Fig. 3.—Photomicrographs of lungs instilled with radiogold. A, Dog 90, typical vascular 
change adjacent to area of necrosis; B, Dog 90, area of necrosis and changes in a_ small 
bronchus. Gold pigment can be seen as small black particles. C, Dog 91, fibrous thickening 
of pleura in lower left corner, necrosis of the lung and particles of gold; D, Dog 89, new scar 
tissue in irradiated area of lung. 
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Fig. 4.—Dog 91. A, Large area of necrosis and pleural reaction in lower lobe of right lung 
(25 me. Au™) and B, sectional surface of necrotic area. 
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activity in the segment of lung supplied by the vessel has been reported.’ 
Colloidal Au’®* has been placed in the trachea of dogs lying on one side. This 
resulted in high levels of activity in the lung on the dependent side and eventual 
concentration in the mediastinum.’ Colloidal Au’®* has been placed in the 
pleural cavity with resultant high levels of activity on the pleural surfaces of 
the lung and minimal activity in other organs.® 

In these experiments we produced maximum localization of activity in the 
lung by the instillation method. A skilled bronchoseopist should be capable of 
localizing the segment of lung to which the isotope is delivered. In the event of 
a bronchus obstructed with carcinoma, it is conceivable that the instillation of an 
isotope may produce sufficient radiation to shrink the tumor and open the 
bronchus. The injection method produced extreme localization in the hilar 
lymph nodes. It is of great interest that the levels in the nodes were even 
higher than at the site of injection. A combination of the two methods may be 
the means of delivering sufficient radiation to afford a degree of palliation to the 
patient with far-advanced carcinoma of the lung. 

It is important to remember that these were healthy dogs without carcinoma. 
In the event that the lymphatics are ‘‘plugged’’ with metastatic emboli, it is 
quite possible that the localization in the lymph nodes would not be as con- 
centrated, or may not have resulted at all. The only way we know to prove this 
would be by clinical application and trial. 


SUMMARY AND CONCLUSIONS 

1. A colloidal solution of Au'’* was instilled through a catheter into a 
selected segment of a lung in twenty dogs. 

2. Assay of these dogs, sacrificed at various time intervals, revealed localiza- 
tion of activity within the selected segment of lung and regional lymph nodes. 
Histologic studies showed radionecrosis produced in proportion to the amount 
of isotope instilled in the segment of lung. Only minor changes were seen in 
the lymph nodes. 

3. A colloidal solution of Au’®** was injected into the mucosa of the inter- 
mediate bronchus of eight dogs. Assay revealed extremely high levels of con- 
centration of radioactivity in the regional lymph nodes, a lower level at the site 
of injection, and negligible activity elsewhere. 

4. These results suggest the possibility of a clinical trial in patients with 
inoperable bronchiogenic carcinoma. Palliation might be afforded these patients 


by using a combination of these methods. 
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DISCUSSION 


DR. J. KARL POPPE, Portland.—Dr. Bryant’s report of the intrabronchial injection 
of radioactive colloidal gold has been of particular interest to me since I used the same 
method of administration of radioactive material intrabronchially in dogs from 1945 through 
1947. The principal difference was that I used insoluble radioactive ferric phosphate as a 
colloidal solution or suspension and was unable to obtain as high a concentration of radio- 
activity per unit of solution as reported with colloidal gold. Thirty-six dogs were treated 
with insoluble radioactive ferric phosphate, of which twenty were injected intrabronchially in 
the manner described by Dr. Bryant. 

The early results were extremely interesting in that the concentration of radioactivity 
found in the peribronchial and mediastinal lymph nodes proved to represent about thirty-five 
times that remaining at the site of injection in the right lower lobe. In that group about 
15 c.c. of a dilute suspension of ferric phosphate contained a total dosage of .5 me. of 
radioactivity for each dog. In an effort to increase the total dosage to obtain more than 
a token amount of irradiation and produce actual tissue destruction a much more concentrated 
suspension with 50 per cent sediment was used-in amounts of 15 to 20 ¢.c. or about 3 me. 
for each dog weighing 5 to 10 kilograms. Eighty per cent of these dogs receiving the more 
concentrated dosage died, either of asphyxiation before they recovered from the anesthesia 
or of pneumonia within one or two days. 

The accompanying slides demonstrate the marked reaction in the peribronchial and 
pulmonary tissue with edema and cellular infiltration and finally fibrosis. The same reaction 
is noted in the lymph nodes with edema and loss of follicle formation, but not complete 
destruction of the lymphocytes. The ferric phosphate particles are especially conspicuous 
in the tissues prepared with iron stains. 

My own experiences with the intrabronchial route for injection of suspensions of 
insoluble radioactive ferric phosphate were somewhat disappointing as a potential means of 


irradiating bronchiogenic carcinomas, either in the lungs or mediastinal lymph nodes. It was 
impossible to apply sufficient quantities of irradiation even to the normal unobstructed bronchus 
and lung to produce tissue destruction without destroying the animal through suffocation or 
pneumonia. Perhaps the higher concentration or irradiation per cubic centimeter of injected 
material obtained by the use of colloidal gold will permit further exploitation of this approach. 


DR. JOHN 8. HARTER, Louisville-—I think the important idea included in this paper 
was the fact that the large dosage could be concentrated in the mediastinal lymph nodes 
by submucosal injection. I doubt very much if the localized injection of the lung itself would 
be of much value. What will happen in patients with bronchiogenic carcinoma no one can 
say until we try the method out, but it certainly is worth a trial. 

I remember some years ago when I was in Churchill’s laboratory, we became interested 
in attempting to study the lymphatics by Thorotrast. The first animal injected revealed a 
beautiful pattern of the lymph vessels and nodes of the injected limb as shown by a roent- 
geogram of the limb. However, the lymph nodes and vessels could not be regularly filled 
with Thorotrast and the work was discontinued. We thought for a while that we had a method 
of injecting a radioactive material, thorium, into the lymph nodes some twenty years before 
the present-day radioactive isotopes became available. 

The method presented by Dr. Bryant worked consistently in the normal animal. I think 
that is the important point of the paper that he presented. 





THE ABILITY OF THE PULMONARY VASCULAR SYSTEM TO 
INFLUENCE THE SPREAD OF TUMOR EMBOLI 


Epwin A. LAwrENCcE, M.D., DonaLp B. Moore, M.D. (By INVITATION), AND 
GroRGE I. BERNSTEIN, M.D. (By INVITATION) 
INDIANAPOLIS, IND. 


HE interposition of the pulmonary vascular bed between the lymphatic and 

venous streams on the one hand and the systemic arterial circulation on the 
other almost certainly inhibits the movement of a certain proportion of migrat- 
ing neoplastic cells from their points of origin to distant regions of the body. 
But whether this vascular system exerts a significant obstructive force to metas- 
tasizing cancer, for example, as do the sinuses in a lymph node, or whether 
it captures migrating cells only incidentally is not clear. 

The ordinary type of extensive, diffuse, metastatic tumor in the lungs is 
observed frequently. Moreover, the extreme varieties of metastases are not un- 
common: the isolated, solitary deposit that lends itself to surgical removal with 
long-term survival of the patient, and the type which presents that curious situa- 
tion where although significant pulmonary disease would be expected to be 
present, yet at autopsy the metastasizing process seems to have skipped the 
lungs in favor of other organs. 

It is this latter phenomenon, the apparent ability of a tumor to circumvent 
the lungs, that has excited the curiosity of clinicians and pathologists for many 
years. Harris‘ has traced the theories of paradoxical emboli to two cases re- 
ported by Litten (1880) and Cohnheim (1889) in which a patent foramen ovale 
was present. He calls these theories absurd, yet credits Cohnheim with stating 
that, ‘‘The locality to which the detached thrombi are transported is determined 
by anatomical conditions alone.’’ In 1937, Walther? suggested that the lack of 
lesions in the lungs could be explained by a differential filtering capacity of 
the pulmonary vascular system. Later® he reported histologic studies of lungs 
from patients where distant spread of malignant tumor had occurred with' 
little, if any, clinical or radiologic evidence of pulmonary metastases. Yet he 
found microscopic foci of tumor cells in a number of the lungs, and he proposed 
that these foci served as sources of tumor emboli for other parts of the body 
without undergoing appreciable growth themselves. It was not explained, 
however, how a dormant tumor could produce emboli. 

Although the Harris review pointed out that the essential structure of the 
vertebral venous system was recognized by anatomists many years ago, it was 
Batson,‘ in 1940, who emphasized its character and elaborated upon its possible 


eer From the Department of Surgery, Indiana University Medical Center, Indianapolis, 
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Read at the Thirty-third Annual Meeting of The American Association for Thoracic 
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clinical importance in the spread of malignant tumors. Subsequent to his re- 
ports it was observed by us and others that tumor could be directed into the 
vertebral column of experimental animals through the vertebral venous system 
without first passing through the lungs.® ° 

This explanation for the paradoxical situations did not seem entirely satis- 
factory, and attention again was directed to the naturally occurring variabilities 
in the pulmonary arteriovenous communications because of the work of Prinz- 
metal and his associates’ whose experimental studies on rabbits, dogs, and cats 
with glass spheres of various diameters indicated that normal shunts existed 
and that they were 160 to 290 microns in diameter in the rabbit lung. Tobin 
and Zariquiey® performed a similar study on human lungs by perfusing glass 
spheres of various sizes through the pulmonary artery with saline solution and 
collecting the perfusate from the pulmonary vein. Spheres up to 500 microns 
in diameter were recovered from 11 of the 23 specimens examined. They 
demonstrated the anatomic location of the shunts by radiographs of lungs in- 
jected with radiopaque media, by dissections of latex injected lungs, and by 
study of casts of lungs. Shunts were not present in the hilar region or hilar 
blood vessels. The ones of 500 micron size were at the apex of the lobular 
subdivisions of the bronchopulmonary segments. Shunts in the range of 50 
to 100 microns were at the level of the smaller bronchi and the smallest, 20 to 
25 microns, near the alveolar sacs. Shunts up to 200 microns in diameter also 
occurred in the pleura. 

These investigations, however, have not considered other factors that may 
be important such as the variabilities that can oceur in the constituents of the 
blood that is bearing the tumor emboli, nor have they considered the contrac- 
tility of pulmonary arterioles, another natural feature that may affect the 
movement of emboli through the lungs. 

Early in our work with the transplantable V, rabbit carcinoma, we ob- 
served that suspensions of the tumor injected intravenously caused immediate 
death of 70 per cent of the animals from pulmonary thromboses and that the 
rabbits could be protected from this catastrophe by various antithromboplastie 
agents such as heparin, Dicumarol, and a soybean trypsin inhibitor.®° A natural 
development of these observations was a study of the effect of one of these agents, 
heparin, upon the distribution of intravenously administered V. tumor suspen- 
sions and upon the growth of this neoplasm. 


Experimental Procedures.—Adult domestic white rabbits were employed. 
One to ten suspensions of the V. tumor in physiologic saline solution were pre- 
pared, and all injections were made into a marginal ear vein with a No. 23 
gauge needle. The amount injected varied between 0.8 ¢.c. and 1.0 ¢.c. per 
kilogram of body weight. Animals were inspected daily. They were sacrificed 
if death seemed imminent, but every attempt was made to save them for at 
least eight weeks after injection, although many died spontaneously before this 
interval was reached. Complete autopsies with the exception of the head and 
neck were performed on all animals. 
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Two types of tumor suspension were employed. Minced suspension was 
prepared by macerating the donor tumor with scissors and agitating it gently 
with ten volumes of physiologic saline solution and glass beads in an Erlen- 
meyer flask for twenty minutes. Comminuted suspension was prepared by 
placing tumor fragments with the requisite amount of saline solution in the 
Waring Blendor for thirty seconds. Animals injected with these two types of 
suspensions were considered the control groups. A few of them had serious 
reactions to the thromboplastie character of the tumor, but lived, while others 
had no reaction. 

The experimental animals were given 500 U.S.P. units (approximately 5 
mg.) of heparin sodium per kilogram of body weight five minutes prior to 
the injection of the comminuted tumor suspension and twice daily thereafter 
until death. They were weighed every two weeks and the dose of heparin ad- 
justed accordingly. 

All rabbits were housed in air-conditioned quarters at a constant tempera- 
ture of 70° F. and a relative humidity of 40 and fed a standard diet of Purina 
Rabbit Chow Checkers. 


TABLE [ 














~ | COMMINUTED TUMOR, 
MINCED TUMOR COMMINUTED TUMOR |HEPARINIZED ANIMALS 


No. of animals 17 20 31 
Region involved 
Thorax 
Lungs 17 (100%) 20 (100%) 28 (90%) 
Diaphragm 1 ( 5%) (19%) 
Chest wall 1 ( 5%) (10%) 
Heart 1( 6%) 3 (10%) 
Visceral pleura 
Abdomen 
Liver 4 ( 24%) 8 ( 40%) 7 (55%) 
Kidney 2 ( 10%) (32%) 
Omentum & mesentery 1%) 2 ( 6%) 
Spleen 
Subcutaneous tissue (13%) 
Skeletal muscle 3 ( 15%) > (19%) 
Paraplegia 
Quadriplegia 











Results.—Table I shows the striking difference in the distribution of tumors 
found post mortem in the three groups. Only two organs other than the lungs 
were involved by tumor when the minced suspension was employed. The one 
case of heart involvement appeared to be a mural tumor thrombus in the right 
ventricle that invaded the myocardium secondarily. The involvement of the 
lungs was of a massive character in all animals, and in some instances it was so 
great that only a minimum of normal pulmonary tissue could be found at 
autopsy (Fig. 1). The liver involvement was much less extensive. One animal 
had only one liver nodule, for example, and another only two. 


The mean length of life of the three animals that died spontaneously was 
thirty-nine days, and of the fourteen, that were sacrificed it was sixty days. 

Comminution of tissue in the Waring Blendor is a destructive process in 
the sense that the integrity of the tissue mass is quickly destroyed. The V, 
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tumor can tolerate this vigorous treatment for at least three minutes, however, 
and still grow when transplanted. The procedure produces fragments of a 
smaller size and a greater proportion of single cells than can be obtained by 
mincing and agitating. Thus, the wider distribution of tumor deposits might 
have been anticipated when comminuted tumor rather than when minced tumor 
was used. The single cases of chest-wall and diaphragm involvement probably 
represented secondary inva 1 from the lung. One of the livers had extensive 
involvement with many nodules. Another had only a single nodule, 6 by 4.5 by 
5 em. in size, but the lungs from that animal were extensively involved. A third 
had only two nodules, but one was 4 by 4 em. There was only a single nodule 
present in one of the two kidneys, whereas multiple nodules were present in 
the other. The skeletal muscle deposits were all in the abdominal wall. 


Fig. 1.—Characteristic massive pulmonary involvement in control groups. 


The mean length of life of the nine animals that died spontaneously was 
forty-six days, and of the eleven that were sacrificed it was sixty-five days. 

The first outstanding feature of the distribution in the heparinized group 
was that three animals had no tumor in the lungs but did have tumor else- 
where, two in the liver, and a third in the liver and kidney. This was an ob- 
servation of the gross tissue only since the lungs were not subjected to serial 
sections. Two other animals had nothing but a single deposit in the substance 
of pulmonary tissue and a few tiny deposits in the visceral pleura (Fig. 2). 

Whereas the pulmonary involvement in the two control groups was charac- 
terized as massive, there were many heparinized animals that had only from 
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two to five nodules, some of which were only 2 to 4 mm. in diameter. The 
diaphragm and chest wall tumors were all from implantation and not secondary 
invasion from the lung. The three cases of heart involvement seemed to be 
from direct implantation in muscle rather than development from a mural 
thrombus as occurred in the first control group. The liver and kidney disease 
was characterized by the presence of multiple nodules. Their size ranged in 
general from 1 to 2.5 em., although many were smaller and some were larger. 
One of the two spleens involved contained only a single tumor, whereas the 
other contained several. The skeletal muscle implants were distributed in the 
muscles of the trunk and not of the extremities. Three of the animals had so 
many implants that the process could be described only as diffuse carcinomatosis. 


ys 


Fig. 2.—Tiny, subpleural tumor nodule frequently encountered in heparinized animals. 


The vertebral column complication was of considerable interest. Seven 
animals became paraplegic and another quadriplegic. Microscopie tumor was 
found in a lumbar vertebral body in three of the seven and in a cervical vertebra 
in the latter. 

The mean length of life of the twelve animals that died spontaneously was 
forty-seven days, and of the nineteen that were sacrificed it was sixty-one days. 

Seventy per cent of the animals injected with minced tumor, 35 per cent 
injected with comminuted tumor, and 32 per cent of the haparinized animals 
had lung involvement only at autopsy. 
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TABLE II 





ANIMAL GROUPS GROWTH | NO GROWTH TOTAL 
Controls 37 (80.4%) 9 46 
Heparinized 31 (79.5%) s 39 
Totals 68 1 85 














Heparin had no effect on the rate of takes of the tumor transplants (Table 
IT). 

DISCUSSION 

Under ordinary circumstances most of the cellular material in the com- 
minuted tumor suspensions should pass readily through the pulmonary vascular 
system if the size of the arteriovenous communications reported by Prinzmetal 
and his associates is correct. Many phase microscopy measurements were made 
of the particles in the comminuted suspensions, and a few cell masses as large 
as 440 microns in diameter were found. However, 90 per cent of them were 
less than 240 microns and 60 per cent were between 40 and 90 microns in 
diameter. As would have been expected, there were many individual cells. 
They varied from 8 to 20 microns in diameter, the difference in size being ex- 
plained by differences in the amount of cytoplasm. In view of the theory of 
Fisher and Holloman’ that a colony of six cells is a critical-sized colony for 
successful growth, we do not believe a single cell of this tumor will establish 
itself and grow. 

The venous system of the rabbit is an extremely labile and adaptable struc- 
ture. If the inferior vena cava, for example, is ligated and divided, collateral 
venules will have developed between the divided ends of this vessel within 
twenty-four hours. Furthermore, the venous system of the neck is a veritable 
maze of anastomosing channels not only between vessels of the same system, 
but also between the superficial and deep cervical elements. It might be assumed, 
then, that the injected material could by-pass the lungs through these collaterals 
and go directly to other organs. 

This system in the neck was studied extensively in another experiment by 
one of our associates (Crockett) with liquid latex injections and dissection, 
and with vinylite plastic injection and hydrochloric acid digestion with study 
of casts thus obtained. If both jugular veins were divided and as much as 
20 ¢.c. of material were injected into an ear vein with considerable pressure, 
the latex or vinylite appeared in the vertebral veins as low as the lumbar region. 
However, when the jugular veins were free and competent, the injected mate- 
rial always proceeded directly to the heart. The quick movement of injected 
material from a marginal ear vein to the right heart and lungs under normal 
circumstances was verified radiographically in a series of living animals (Fig. 3). 
An amount of Thorotrast commensurate with the volume of tumor suspension 
customarily injected was used, and it proceeded directly to the heart in every 
instance without going to other organs or leaving the innominate veins. 

For these reasons we believe that the cell suspensions likewise proceeded 
directly to the right heart without entering other organs first and that they 
contained cell masses of a size that could pass through the lungs. 
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The thromboplastie effect of this tumor was variable. Most animals died 
within two minutes after its injection. Others had severe reactions characterized 
by respiratory difficulty and convulsions, but lived and a few had no ill effects 
whatsoever. Immediate autopsies on those that died showed clots in the right 
heart and pulmonary artery. Some were so massive that they extended in 
continuity from the auricle through the ventricle into both pulmonary arteries. 
All preparations of this tumor had a certain degree of thromboplastie activity." 
We believe, therefore, that even though some animals survive the intravenous 
injections (as did those in the two control groups) they have a certain degree 
of immediate pulmonary intravascular coagulation; and that the clots may pre- 
vent cell masses from passing the pulmonary arteriovenous barrier to the left 
heart arterial circulation. 


Fig. 3.—Distribution of 3 c.c. of Thorotrast injected into a marginal ear vein. Exposure was 
made at conclusion of the injection. 


Heparinization inhibits the blood-clotting mechanism. None of the animals 
that was given the protective dose of 500 U.S.P. units per kilogram five minutes 
before the intravenous injection of the tumor succumbed to its thromboplastie 
property. Estimations of the clotting time of rabbits’ blood are so notoriously 
inaccurate’? we have attempted no analysis of it. From studies now in progress, 
however, we have learned that this amount of heparin influences the clotting 
mechanism for the subsequent two and one-half hours and will protect all ani- 
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mals for two hours against the lethal effect of the tumor suspensions. In all 
likelihood it is the initial dose of heparin alone that inhibits clotting in the 
pulmonary vessels and thus allows tumor emboli to pass through the pulmonary 
arteriovenous communications to the systemic arterial circulation. The later 
injections of heparin are probably unimportant in this respect. 

Applications of these studies to the human beings are not yet clear. How- 
ever, if arteriovenous communications in the human lung as large as 500 microns 
do exist under otherwise normal conditions, emboli of sufficient size for growth 
could slip through the lung to the systemic arterial system, particularly if the 
blood clotting were prolonged to a degree that the embolus would not be en- 
compassed with an obstructive clot. 


CONCLUSIONS 


The passage of tumor emboli through the lungs of rabbits is determined 
by the size of the emboli, the size of the pulmonary arteriovenous communica- 
tions, and the coagulability of the blood. 
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BRONCHIAL RESECTION AND ANASTOMOSIS 


Pau. W. GEBAUER, M.D. 
Honouutu, T. H. 


HE receptiveness of the central tracheobronchial tree to proper surgical 

procedures is exceptional, and the integrity of lung tissue distal to bronchial 
lesions is frequently persistent. Consequently, direct surgical treatment of such 
lesions permits the salvage of good lung tissue in distinction to removal of all 
the lung supplied by a diseased bronchus. In all eases of isolated tracheobron- 
chial disease, and in many cases when such disease is combined with pulmonary 
parenchymal disease, some type of tracheobronchial procedure should be rou- 
tinely considered in the contemplation of surgical treatment. 

The merit of this conception has been illustrated in previous publications 
eoneerning tracheobronchial dermal grafts'* and bronchial resections.*® The 
purpose of this paper is to present a series of cases illustrating some of the as- 
pects of the technical application of bronchial resection to a variety of tracheo- 
bronchial lesions. The cases are summarized in tabular form (Table I) 


SLEEVE RESECTION AND ANASTOMOSIS 


1. Lobar Bronchi.—Healed tuberculous strictures of right upper lobe 
bronchi were excised and anastomosis performed in Cases 3, 6, and 12. Seg- 
mental resections in two patients and localized excision in one were used to 
treat the coexisting parenchymal disease in distinction to lobectomies. This pro- 
cedure is very simply applied, and a most gratifying volume of lung tissue can 
be thereby salvaged. The use of everting mattress sutures in small bronchi is 
likely to produce an undesirable diminution of the anastomotic lumen; simple 
end-to-end closure with fine interrupted wire sutures is better. Irregular edges, 
mucosal tags, dried blood, and secretions tend to aceumulate and coalesce along 
the line of anastomosis. They should be cleaned off bronchoscopically in the 
early postoperative period to prevent the possibility of their organization and 
recurrent stenosis (Table I, Case 12). 

2. Main Bronchi—In Cases 1 and 8, the right bronchus from the middle 
lobe stump to the coryna was excised for healed tuberculous stricture, and 
anastomosis between the distal trachea and lower lobe bronchus performed. An 
intact, useful, lower lobe was salvaged in each instance. The necessity for re- 
moval of the middle and upper lobes undoubtedly facilitated the bridging of 
the bronchial gaps. Figs. 1 and 2 illustrate Case 8. 


Read at the Thirty-third Annual Meeting of — American Association for Thoracic Sur- 
gery, San Francisco, Calif., March 27, 28, and 30, 195: 
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C. D. 


Fig. 1 (Case 8).—Preoperative and postoperative roentgenograms. A, Before operation, 


destroyed right upper lobe with cavity; permanent paralysis right diaphragm. 8B, Planigram 
showing severe stenosis of right bronchus at the coryna. OC, Six months after right upper and 
middle lobectomies, and excision of stenotic main bronchus. D, Planigram taken at the same 
time, showing excellent anastomotic lumen of right bronchus, 
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In Cases 4 and 10 dermal grafts of the main bronchi were inserted at the 
time of upper lobectomy for the correction of main bronchial stenosis. Both 
patients experienced late recurrent tuberculous tracheobronchitis which re- 
sponded to further antimicrobial treatment. These are the only bronchial 
dermal graft failures in my experience, and in each instance it seemed that the 
recurrent inflammation arose from residual infection in the upper lobe stump. 
Both patients were treated by partial excision of the grafted main bronchi and 
upper lobe stumps (Figs. 3 and 4) ; no furtlier pulmonary excision was necessary. 


eet? 


Fig. 2 (Case 8).—Photograph of surgical specimen. Bronchus, middle and upper lobes 
aces uate  aalceah de bearing upper lobe has been turned upward. The excised bronchial 

Case 16* presents an instance of primary tuberculosis in a 2-year-old girl. 
Three separate caseous lymph node masses were present; one of these had 
eroded and destroyed the right main bronchus. The right lung was salvaged 
by anastomosis of the upper-lower lobe bronchial crotch to the trachea. Symp- 
toms had been present for one year, and intermittent obstructive emphysema 
of the right lung was noted for almost as long. For the present, bronchial 
anastomosis was successful despite the unquestioned presence of active tuberecu- 
lous lymph node and bronchial inflammation. This is considered highly im- 
portant because, in the past, it has seemed reasonable to await bronchial healing 
before attempting surgical treatment, and this may still be advisable as far as 


*This patient was operated on by Dr. W. P. Cleland at Brompton Chest Hospital. This 
is a most interesting case and is included in this series with his kind permission. 
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it B. 


Fig. 3 (Case 4).—Bronchograms. A, Before operation, marked deformity and puddling of 


contrast media in grafted left bronchus. New stenosis of right bronchus distal to upper lobe. 
B, After excision of diseased portion of left bronchus. Line of anastomosis is barely visible, it 
is just pr maal to the superior segment bronchus of the lower lobe which looks like an upper 


lobe bronchus. However, the upper lobe had been removed at the time of the original dermal 
graft of the main bronchial stenosis. 





A, B. 


Fig. 4 (Case 10).—A, Preoperative bronchogram at time of recurrent tuberculous tracheo- 
bronchitis involving grafted right bronchus. Some of the supporting wire in the graft is visible. 
B, Postoperative planigram after excision of recurrent stenosis of right bronchus. Good anasto- 
motic lumen, 
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the use of dermal grafts is concerned. On the other hand, the period of healing 
is sometimes prolonged and the distal lobe or lung may become irreparably 
damaged by the bronchial obstruction during that time. Therefore, if bronchial 
excision and anastomosis is contemplated, sometimes it may be advisable to 
proceed with it, despite the presence of only early, or partial, healing of the 
inflammatory process. Fig. 5 illustrates the patient in Dr. Cleland’s ease. 


C. D. 


Fig. 5 (Case 16).—A, Primary tuberculosis with mediastinal lymph node involvement. B, 
Obstructive emphysema of the right lung before operation. C, Composite diagram of lateral 
view of chest and photograph of surgical specimen which consisted of three separate, caseous, 
mediastinal lymph node masses. The middle one had eroded and destroyed the right bronchus. 
The right upper and lower lobe bronchi were anastomosed to the trachea. D, Three months 
°° right lung well aerated. (Courtesy of Mr. W. P. Cleland, Brompton Chest 

ospital. 
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3. Intermediate Bronchus—In Case 15,* a most remarkable bronchial re- 
section and anastomosis was performed. The patient had an adenoma in the 
distal left main bronchus, opposite the upper lobe orifice, which obstructed the 
lower lobe bronchi and caused expiratory emphysema of the left lung. As 
depicted in Figs. 6 and 7, the stem bronchus was transected above the tumor, 
the upper lobe bronchus lateral to the tumor, the superior segment lower lobe 
bronchus posterior to the tumor, and the basal bronchi (as a unit) transected 
below the tumor. The distal upper lobe stump was then sutured to the anterior 
edge of the basal stump, and the superior segment to the posterior edge. Thus 
the three divided bronchi were converted to a single stump which was anasto- 
mosed to the proximal stump of the stem bronchus. This permitted a wide 
excision of an adenoma arising at the main crotch of the stem bronchus and sal- 
vage of the entire left lung. 








Fig. 6 (Case 15).—Drawing of tracheal bifurcation and left bronchus depicting operative 
procedure. a, Upper lobe bronchus transected just beyond its origin. b, Divisionary crotch of 
left bronchus containing a benign adenoma located by dotted outline. c, Divided superior seg- 
ment of left lower lobe. d, Divided basal bronchi of left lower lobe. Inset at upper left shows 
how the peripheral bronchi were sutured together, and then, as a unit, sutured to the stump of 
the main bronchus. (Courtesy of Mr. C. J. Officer Brown, Melbourne, Australia.) 


*Dr. C. J. Officer Brown of Melbourne, Australia, performed the operation and he has 
kindly permitted its inclusion in this series. 
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WEDGE EXCISION 

The generous elasticity of tracheobronchial structures permits a marked 
compensation for severe cicatricial deformities. The uninvolved bronchi neigh- 
boring a severe scar, which has resulted from the healing of a destructive process, 
elongate and dilate. Thus the right intermediate bronchus distal to a dense 
fibrous scar involving the proximal main and upper lobe bronchi, will usually 
be almost as long and large as a whole right bronchus. This combination of 
severe upper lobe stenosis and stenosis of the immediately adjacent main bron- 
chus is rather common and sometimes can be rather simply remedied because 
of the inherent quality of bronchial structures. 

Case 7 is an example. The right upper lobe was atelectatie and destroyed, 
its bronchus physiologically occluded by a dense sear which incorporated the 
orifice of the right main bronchus at the ecoryna. At the time of upper lobectomy, 


a. 





d. 


Fig. 7 (Case 15).—Photograph of surgical specimen, Crotch of left bronchus containing 
adenoma. The bronchi have been opened antériorly. a, Edge of transected main bronchus. 
b, Edge of transected superior segment of lower lobe. c, Edge of transected upper lobe. 4d, 
Edge of transected basal bronchi of lower lobe. (Courtesy of Mr. C. J. Officer Brown, Mel- 
bourne, Australia.) 
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C. 


Fig. 8 (Case 7).—Preoperative and postoperative roentgenograms, A, Atelectasis right 
upper lobe, permanent paralysis right diaphragm. 8B, Planigram showing severe stenosis right 
main bronchus at the coryna. OC, After right upper lobectomy and wedge excision of stenotic 
right bronchus. D, Planigram same time showing good bronchial lumen. 
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the upper lobe bronchus and the adjacent stem bronchial scar were excised as 
a wedge, or a slice of melon, and the lower edge rotated upward to meet the 
upper edge as illustrated in Figs. 8 and 9. It is advisable, when attempting 


C. 


B. 


Fig. 9 (Case 7).—A, Photograph of surgical specimen, atelectatic right upper lobe con- 
taining chronic cavity. B, Line diagrams depicting use of wedge excision of main bronchial 
stenosis at the coryna. a, Stenosis of main and upper lobe bronchi. b, Wedge excision of 
stenosis and removal of upper lobe. c, Rotation of bronchus and transverse closure, 
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bronchial surgery, to place the bronchial structures under tension with fine 
forceps to appraise them, and to remember that there is a great difference in 
the bronchi of a collapsed lung in an opened chest, and of an expanded lung 
in an intact chest. 
TRANSVERSE CLOSURE OF BRONCHIAL DEFECT 

1. Simple.—This procedure is very similar to the preceding category, and 
is again possible because of the elastic adaptability of the bronchi. Rather 
large bronchial defects involving less than one-half the bronchial circumference 
can sometimes be closed transversely causing some bronchial curvature, but, also 
actually increasing the bronchial lumen. The patient in Case 11 had a bilob- 
ectomy for chronic pneumonitis and multiple abscesses in the right upper lobe. 
A portion of the friable main bronchus was accidentally avulsed with the upper 
lobe bronchus during attempted isolation of the latter. A large defect of the 
right bronchus was thus produced which closed surprisingly well by simple 
transverse suturing. The resulting large bronchial lumen is illustrated in 
Fig. 10. 

2. With the Aid of Additional Bronchial Tissue-—Sometimes the closure of 
a bronchial defect is simplified if a neighboring lung segment is sacrificed and 
its bronchial stumps used as a crude flap. Case 5, previously reported,® is an 
example. A hamartoma, and the bronchial wall at its base were excised from 
the right intermediate bronchus. Rather than resect the whole middle and lower 


lobes, the superior segment of the lower lobe was removed, and its bronchi used 
as a crude trap-door flap to assist in a transverse bronchial closure. 


COMPLETE OR PARTIAL BRONCHIAL DIVISION TO FACILITATE DISSECTION 


This procedure is of particular consequence in salvage of an intact middle 
lobe when its bronchus is more or less fused to the branch bronchi of a shrunken, 
atelectatic and bronchiectatie lower lobe. If the bronchus is first divided below 
the upper lobe, the middle lobe bronchus (to be preserved) can be more easily 
and safely separated from the lower lobe basal bronchi. Bits of the latter may 
be left attached to the middle lobe bronchus if necessary. Anastomosis is then 
performed joining the middle lobe to the proximal right bronchial stump. 

In Case 13 the patient had a good, large, hypertrophic middle lobe practi- 
cally filling the hemithorax, the result of bronchiectatic atelectasis and shrink- 
age of the upper and lower lobes beginning in childhood, and persisting for at 
least fourteen years during the period of greatest body growth. Bronchograms 
revealed a normal left bronchial tree and right middle lobe, with advanced 
bronchiectasis of the upper and lower lobes (Fig. 11). The procedure described 
above was necessary to dissect the middle lobe bronchus which arose at the same 
level and was almost fused to the basal branches of the lower lobe. The value 
of this salvaged middle lobe is substantiated by its rather large pulmonary artery 
visible in Fig. 11, D. 

The patient in Case 9 had a similar operative procedure. This was an in- 
stance of lower lobe destruction by tuberculous stenosis and bronchiectasis. The 





C. D. 


Fig. 10 (Case 11).—Preoperative and postoperative roentgenograms. 
pneumonitis, right. B, Almost one year later, 
C, Three months after removal of right upper and middle lobes. 
has since closed. 
operation; it was closed by transverse suture. D, Planigram three months postoperative show- 
ing good lumen of repaired right bronchus. 


A, Acute, suppurative 
chronic pneumonitis with multiple abscesses. 

The residual pleural pocket 
A large defect of the friable right bronchus was accidentally produced at 
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C. ! D. 


Fig. 11 (Case 13).—Preoperative and postoperative chest roentgenograms and _ broncho- 
grams. A, Bronchiectasis and atelectasis right upper and ‘lower lobes, with large bullae of 
upper lobe, fourteen years before operation. B, Preoperative bronchogram showing normal left 
side, and severe bronchiectasis and shrinkage of upper and lower lobes. C, Middle lobe broncho- 
gram shows no significant bronchiectasis. D, After excision of upper and lower lobes, and 
salvage of the middle lobe by bronchial division, dissection ‘and anastomosis. The pulmonary 
artery of the middle lobe is large which is indicative of its functional capacity. 
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marked lower lobe shrinkage was abetted by pneumoperitoneum. Compromise 
of the middle lobe orifice would probably have occurred with the ordinary treat- 
ment of the lower lobe bronchial stumps. 


BRONCHIAL RESECTION AND TRANSPLANTATION 


I have only twice considered the clinical circumstances likely to demand 
this procedure, and used it only once. In Case 14, the patient, a 24-year-old 
woman, experienced a recurrent, severe, ulcerocaseous tuberculosis of the trachea 
and right bronchus, with no roentgenologically visible disease in either lung. 


C. d. 


Fig. 12 (Case 14).—Line diagrams of tracheal bifurcation depicting operative procedure 
used for combined, severe tracheal and right bronchial stenosis. Chest roentgenograms showed 
no abnormality or disease of the lung fields. a, Normal bifurcation for comparison. b, Heal- 
ing tuberculous tracheal stenosis was most severe in the lower one-third; it was by-passed with 
a long tracheotomy tube. The right bronchus was almost occluded. c, The stenosed right 
bronchus has been excised: the distal bronchus is a large double-barreled structure; the 
tracheal stenosis is being slit open. d, The tracheal circumference has been enlarged by the 
fa og of the right bronchus which has been transplanted and sutured into the tracheal 
incision. 


Antimicrobial treatment was restarted after a lapse of two years. Three 
months later, during the early healing phase, a tracheotomy with a long cane- 
shaped tube had to be done to by-pass a severe, asphyxiating stenosis of the 
lower tracheal third. There was also practical occlusion of the right bronchus 
at the coryna by a clean, healing stenosis. 

Because of the short time that had elapsed since active, caseous tracheitis 
had been observed, tracheotomy was done with considerable reluctance ; inasmuch 
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as the control of secondary infection incident to it was sure to become more 
difficult with the passage of weeks, I felt committed to attempt tracheobronchial 
reconstruction before control was lost, despite the. incomplete healing of the 
tuberculous process. 

With some comfort from the knowledge of Mr. Cleland’s success in the face 
of residual activity, operation was undertaken ten days after tracheotomy. The 
procedure is depicted in Fig. 12. The distal line of excision of the right bronchus 
was across both the upper and the lower lobe bronzhi, creating a rather large 
double-barreled structure. The proximal line of excision was at the coryna. 
The most severe tracheal stenosis extended upward;3 to 4 em. from this level. 
The lateral tracheal wall was incised longitudinally in this area; some of 
was extremely fleshy and edematous, and a narrow strip was excised from the 
anterior margin. The incised trachea was spread open and the distal right 
bronehus transported upward to fill the opening, .its dimensions being quite 
adequate, when added to the cireumference of the stenosed trachea, to provide 
a good tracheal lumen. A good airtight anastomosis! was performed. Thére was 
some downward drag on the right hilum even after division of the pulmonary 
ligament. The long tracheotomy tube was replaced. with a standard tuhe, and 
the postoperative course was without incident. Brenchoscopies seven days and 
three weeks after operation showed excellent early healing and good openings to 
both lobes. The short tracheotomy tube was removed after one week. The pa- 
tient is now comfortably continuing a long period of rest and antimicrobial 
treatment. 
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DISCUSSION 

DR. JULIAN A. MOORE, Asheville, N. C.—Without having had any experience with 
anastomosing the bronchus, I would like to present a case of traumatic stricture, ani maybe 
get some free advice concerning treatment. I have seen three traumatic strictures in the 
past twenty years which resulted from crushing wounds of the chest. One occurred in a 
young man who was injured in an automobile accident; he was treated in a small ‘hospital 
by oxygen and prayer and recovered. There was complete ‘stricture of the bronehis which 
resulted in complete shift of the mediastinum to the left with considerable symptoms. | Colonel 
Keller did a thoracoplasty on that individual about twenty, Ses ago and the patient has 
remained well since. 

Two years ago I saw a young woman who had sustained multiple injuries in an auto- 
mobile accident: fractures of the skull, the jaw, the clavicle, and one rib, with a hemo- 
pneumothorax. She, too, got well with prayer and oxygen, and a resultant stricture of the 
right main bronchus resulted. After listening to the first presentation by Dr. Gebauer on 
this subject two years ago, I explored the chest hoping to be ‘able to reconstruct the bronchus, 
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but there had been complete fracture of the bronchus; the two ends were separated by at 
least 4 cm., and the space was occupied by fibrous tissue. After both ends were opened, there 
was a considerable amount of pus which escaped from the lung. I thought she might have 
bronchiectasis and I therefore did a pneumonectomy and later a thoracoplasty. 

(Slide.) Last week I was presented with this patient. This 21-year-old man was in an 
automobile accident ten years ago and was treated in a small hospital in a neighboring town; 
he also recovered with prayer and oxygen. However, he now has a complete dextrocardia, 
apparently a complete block of the right main bronchus; the left upper lobe I think has 
herniated into the right chest, and we are presented with the problem of what we can do to 
rehabilitate him. He has pain, dyspnea, weakness on exertion, cannot work. I would like 
to ask Dr. Gebauer if he thinks at this late*stage it is possible to restore the continuity of 
this bronchus and restore the function of the right lung. Would it be more sensible to do a 
pneumonectomy than a thoracoplasty? 

Apparently fracture of the bronchus is a more frequent occurrence than we think. 
Probably most patients die very shortly from their injuries, but occasionally one might be 
saved if the condition were recognized and if the surgeon were bold enough to go in and 
repair it. 

DR. JENS L. HANSEN, Copenhagen.—I have performed bronchial resection in a small 
series of cases, I should especially like to mention three cases in which bronchial carcinoma 
was located in the right upper lobe and extended to the main bronchus. Pneumonectomy was 
considered too risky; all the patients had emphysema and heart disease. An upper lobectomy 
would involve bronchial closure in malignant tissue. Combined with a resection of the main 
bronchus (about one-half to three-fourths of an inch) the tumor could be totally removed, 
according to frozen section histologic examination. The lower and middle lobes were mobilized 
by dissecting around the vessels and severing the pulmonary ligament. Hilar and mediastinal 


lymph nodes were removed. The azygos vein was resected lateral to the central portion of the 


main bronchus. Now the end-to-end anastomosis was easy to do. The two lumina were equal- 
ized by oblique cutting of the distal one. A pleural flap was sutured around the bronchial anas- 
tomosis. Aeration of the middle and lower lobes was obtained immediately. 

One of the patients died three days postoperatively of heart failure, and one died 
eleven months after surgery, from metastases. In both cases autopsy showed that the 
anastomosis was sufficient. No local recurrence was disclosed. One patient is still living one 
year after operation, 

Of course, this type of surgery in cases of bronchial carcinoma should be restricted 
to very selected cases. In our series of about 300 lung resections for carcinoma, only 1 per 
cent of the cases were suitable for combined upper lobectomy and bronchial resection. 

DR. K. ALVIN MERENDINO, Seattle—Dr. Gebauer is to be congratulated on the 
clinical contributions he has made to this problem. Many of the members of this Association 
have contributed to the problem experimentally. In the experimental laboratories of the 
University of Washington my associate, Dr. Lawrence B. Kiriluk, and I have performed 
almost 200 experimental operations on the dog. We have satisfied ourselves that such tracheo- 
bronchial reconstructive prozedures are not only feasible but safe, further, that the bronchus 
may be transected in any plane and be assured of a satisfactory blood supply. Healing is 
not affected in any way. This is important in that either end or both ends can be ‘‘tailored’’ 
so that an isoproportional lumen is available for a proper anastomosis. On bronchospirometric 
studies in dogs it has been found that the lungs distal to tracheobronchial reconstructive 
procedures apparently respire in a normal fashion; also, once the lumen is established, 
stenosis does not occur up to a period of two years. 

I would like to present certain material that we have available which closes the gap 
somewhat between the experimental problem and its sound clinical application. 

(Slide.) These are the measurements between the coryna and the take-offs of the 
various bronchi and segments of the lung in 135 freshly autopsied cadavers. These spacial 
measurements are helpful in establishing what can and what cannot be done. 
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(Slide.) In a smaller study of 55 freshly autopsied cadavers, the luminal diameters of 
the areas which might be utilized in tracheobronchial reconstructive procedures are shown. 

I am somewhat hesitant to present a single case report. However, in view of Dr. 
Gebauer’s reference to an Australian colleague who recently treated a bronchial adenoma by 
bronchial reconstruction, and because no single individual may have a large experience with 
this problem, and in the hope that others will attempt it, [ would like to report 2 case of 
bronchial adenoma treated by a reconstructive procedure. 

(Slide.) This is a 64-year-old white man who presented himself with progressive 
dyspnea, hemoptysis, and lower left chest pain. This is a typically emphysematous chest. 

(Slide.) This is the lesion which was in the lower lobe: On bronchoscopy, the bronchos- 
copist thought that the lesion was too close to the left upper lobe take-off to do a left lower 
lobectomy. 

(Slide.) The patient was seen by our cardiorespiratory study group who felt that he 
could be explored but that only the most minimal type of excisional surgery should be con- 
sidered. This is a schematic presentation of the site of ‘the bronchial adenoma, and the 
A and B lines indicate the line of transection of the left upper lobe bronchus and the left 
main bronchus, 

(Slide.) This is the reconstructive procedure that was done, an anastomosis end-to-end 
of the left upper lobe bronchus to the left main bronchus. The inset indicates the excised 
specimen including the left lower lobe, a portion of the left upper bronchus, and a portion 
of the left main bronchus. 

(Slide.) This gives an idea of how much additional bronchus may be resected by such 
a procedure. By measurement, an additional 4 em. of proximal bronchus was excised with the 
specimen which otherwise would not have been obtainable. I think it is evident also from 
our initial schematic drawings, which were to scale, that a great variety of reconstructive 
maneuvers can be carried out and this represents one variant. 

(Slide.) This is a view of the tumor. 

(Slide.) This is an x-ray picture taken eight months postoperatively. On differential 
bronchospirometry at approximately this same period after surgery, it was found ‘that the 
left lung (left upper lobe) accounted for 38 per cent oxygen consumption and 47 per cent 
ventilation. Now, more than a year later, this patient remains a garrulous old man who 
now states that he can talk continuously without having to'stop for breath as was the case 
preoperatively. i 


DR. FREDERICK G. KERGIN, Toronto.—We alsd have been interested, in Dr. 
Gebauer’s work and have used his dermal graft reinforced by wire on several occasions 
including one time for adenoma in a young woman, a situation very similar to the case shown 
of Mr. Officer Brown. In this case we were able to resect the adenoma and use a graft and 
save the lung. It was a great satisfaction, and so far the lung is functioning very effectively. 
We had one other case recently, similar to the case Dr. Moore spoke about. A young: man of 
22 who had, thirteen weeks previously, a crushing injury to the chest which was followed by 
hemoptysis and very severe emphysema. In Canada we also use prayer and oxygen, and he 
survived. He came to us with atelectasis of the middle lobe. 

(Slide.) This shows an obstruction of the right main bronchus. near its origin. From 
the history we could recognize that this patient had a fracture of the right main bronchus 
near its origin, and this diagnosis was confirmed by bronchoscopy. 

(Slide.) At operation we found a situation like this: Apparently the right main 
bronchus had been torn from the trachea. There was a tremendous inflammatory reaction 
which rendered dissection difficult, and there was almost no lumen. We were able to resect 
the damaged portion of the bronchus as shown in the second diagram, leaving a rather 
ragged defect here and a similar ragged defect in the bronchus. These were brought to- 
gether as shown in the third diagram. This operation was performed only eight days before 
I left Toronto and at that time the patient was well and showed re-expansion of the right 
lung, and no leakage of air. 

I should like to say that I enjoyed Dr. Gebauer’s presentation very much. 
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DR. WILLIAM M. TUTTLE, Detroit.—I have been most interested throughout the 
years in following Dr. Gebauer’s experimental and clinical approach to the problem of 
bronchial anastomosis. We have been interested in this subject as you know for some time. 
Several years ago I reported in a discussion at this meeting my experiences with a patient on 
whom such a procedure was carried out. This was done in 1947, and I believe is the first 
instance in which such a procedure was performed on a patient. In the course of doing a 
revision lobectomy, which required the removal of the lingula and the superior division of the 
left lower lobe which had been left in the course of a snare lobectomy done in 1941, the 
upper lobe bronchus was injured to such an extent that it seemed (in view of our experimental 
work at that time) to be more feasible to remove the upper lobe and reanastomose it to the 
left main bronchus. The postoperative course was uneventful. The patient has subsequently 


undergone several bronchoscopies which reveal the anastomotic area to be normal and without 
stenosis. Subsequently, too, in the year 1950, a segmental resection was done of the posterior 
apical segment of the right upper lobe without incident on this same patient. 


DR. WILLIAM A. HOPKINS, Atlanta.—<After Dr. Gebauer’s excellent report several 
years ago we became interested in the use of dermal grafts and methods of closing defects 
in the bronchi. I wish to report briefly four cases in which this method has been used 
successfully: to enlarge the bronchus in one ease, and to close a defect in the trachea and 
bronchus in three other cases. 

The first case involved an 11-year-old boy who had a right bronchial stricture at the 
level of the right upper lobe. This followed the aspiration of a staple at the age of 2 years. 
It remained within the bronchial tree for a year, then was removed, and a stricture developed. 

(Movie.) This shows fluoroscopic study of the chest with cinefluorography. Note shift 
of the mediastinum to the right side with inspiration. At the time of surgery a Gebauer 
dermal graft was inserted at the level of the right upper lobe. The entire right lung was 
normal except for underdevelopment. The patient is now doing well, two years after surgery. 

The next two cases encountered were malignancy of the right upper lobe in which 
there was an abnormal high take-off of the right upper lobe bronchus in one case, much 
higher than normal. In the second case there was direct invasion of the coryna. The right 
portion of trachea, the coryna, and the medial side of the left main-stem bronchus were 
resected following pneumonectomy. The defect was replaced by a Gebauer type of graft. 
Both cases did very satisfactorily postoperatively and have recovered. In one case a fistula 
has developed. In neither case was there evidence of metastasis to the lymph nodes. The 
local extension and the relationship to the bronchi made this form of resection necessary. 

Our fourth case was a 4-year-old child who had a large simple cyst of the posterior 
portion of the lower end of the trachea. On excision of the cyst it was found that the eyst 
wall was the posterior wall of the trachea and it was replaced by dermal graft. Surgery was 
completed eight months ago and to date the child is doing very satisfactorily. 


DR. ALFRED GOLDMAN, Beverly Hills.—One year ago in THE JOURNAL OF THORACIC 
SurGERY, we reported four cases of transpleural bronchotomy for bronchial tumors of the 
adenomatous group, and I would like at this time to report a follow-up on those cases. The 
oldest case involved a tumor of the left stem bronchus which was removed with left lower 
lobectomy. This patient is now about eight years postoperative. She had a bronchial adenoma 
and now she has no signs of recurrence. Two patients were operated upon in 1949; the first 
had a tumor in the left stem bronchus, and the entire wall of the bronchus was not removed 
but an incision was made and a pedicle tumor removed with cautery of its base. This patient 
is alive without recurrence or bronchial stenosis after four years. The other case concerned 
a patient with adenoma of the right stem bronchus located on the medial wall of the first 
ring below the coryna; we did a resection of the entire wall and resutured. This patient is 
alive without signs of recurrence after four years. We feel that this group of adenomatous 
tumors is amenable to local excision in selected cases. 
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DR. ROSS ROBERTSON, Vancouver.—I would like to add two cases treated by Dr. 
Gebauer’s technique, and also to ask him a question about the technical management. 
The first case concerned a woman, aged 27 years, wio had an adenoma in the right 


main bronchus just at the orifice of the upper lobe bronchus, which caused an obstructive 
emphysema of the right lung. In this ease the right upper lobe was resected along with a 
cuff of the main-stem bronchus, and the continuation of the main-stem bronchus was anas- 
tomosed to the trachea at the coryna. The second patient was a man, aged 72 years, with a 
well-differentiated squamous-cell carcinoma completely obstructing the right upper lobe 
bronchus and extending along the mucosa of the trachea on the outer surface for a distance 
of about 2 em. In this case the medial surface of the right main-stem bronchus was pre- 
served as a flap and was turned up to cover the defect in the trachea which had been removed 
along with the right lung. Pathologic examination showed that the tumor did not even 
penetrate the muscle coat of the bronchus, and that there were no glands involved. In both 
these cases the postoperative convalescence was remarkably smooth and I certainly would like 
to recommend the technique. 

I would like to ask Dr. Gebauer whether he makes a point of preserving the bronchial 
arteries to the remaining bronchi. 


DR. GEBAUER (Closing).—I am pleased that dermal grafts and bronchial resections 
are being successfully done. I thank Drs. Moore, Hansen, Hopkins, Merendino, Kergin, 
Tuttle, Goldman, and Robertson. 

Bronchostenosis resulting from chest trauma is unquestionably more common, as Dr. 
Moore mentioned, than we previously imagined. I believe early bronchoscopy and conse- 
quently thoracotomy are frequently neglected in severe chest injuries. 

I am glad that Dr. Tuttle’s patient with upper lobe anastomosis is still well after five 
years. Accidental division of bronchi is more common than indicated by the literature, and 
it should not necessarily call for excision of the part supplied by the divided bronchus. I 
feel that this has been the case quite frequently in the past. 

The use of dermal grafts and plastic bronchial procedures to extend the limit of resec- 
tion for carcinoma is, perhaps, a slight improvement of a therapeutic measure that leaves 
much to be desired. Unquestionably there is ample room for improvement in the surgical 
treatment of lung cancer, 

Dr, Hopkins’ movie was excellent and I am pleased with his successful cases. 

The salvage of good lung tissue, especially in older people, as illustrated by Dr. 
Merendeno, is most creditable. His case, as well as Dr. Goldman’s experience, indicates that 
many bronchial adenomas can be successfully treated by bronchial excision. 

The use of a local or ‘‘wedge’’ excision, as reported by Dr. Kergin, to restore a 
bronchial lumen, will be most often applicable to deformities involving the right upper and 
proximal main bronchi. The application of a simple plastic procedure can be most gratifying. 

In answer to Dr. Robertson, we try to preserve the bronchial arteries but do not particu- 
larly avoid their division if we need room. Especially in doing a dermal graft, we do avoid 
peribronchial dissection as much as possible. 





PULMONARY DISTENTION AS SEEN IN THE 
LORDOTIC ROENTGENOGRAM 


JOSEPH GORDON, M.D.,* AND W. BERKELEY ZINN, M.D.** (By INVITATION ) 
Ray Brook, N. Y. 


fiw lordotie roentgenogram has been used to visualize better the pulmonary 
apices with the clavicles out of the lung fields, as first reported in this 
country by Baum and Black.’ In the lordotie film, the point of apposition of 
the two lungs in the anterior mediastinum is indicated by a plainly visible 
linear radiopacity (Figs. 1 and 2). This line is apparently due to the four 
layers of pleura (two parietal and two visceral) between the air-containing 
lung immediately adjacent on either side. This is more strikingly illustrated 
in Figs. 3 to 5 where a right-sided hydropneumothorax can be seen crossing 
into the left hemithorax. The linear density noted in the lordotie film is thereby 
identified as pleural displacement from right into left hemithorax. 

When the heart and trachea are deviated toward one side, it is obvious that 
the lung on the other side is distended to an unusual degree. When these strue- 
tures appear in normal or nearly normal position, considerable overdistention 
of one lung may occur as a result of herniation of a portion of one lung, usually 
through the anterior mediastinum into the opposite hemithorax. 

It is considered that an anterior mediastinal lung hernia exists only when 
the anterior portion of one lung extends beyond the trachea into the opposite 
hemithorax. If the lung does not extend beyond the trachea, it is not considered 
that a hernia is present. With either a mediastinal lung hernia or mediastinal 
displacement, one lung (or a portion of it) must be distended to an unusual 
degree. When all of the mediastinal structures are displaced, the situation is 
obvious. The true situation may not be obvious, however, when the readily 
visible mediastinal structures (heart and trachea) lie in normal position or are 
only slightly displaced. In these circumstances, it is fairly common in our 
experience to have a sizable anterior mediastinal lung hernia which is demon- 
strated best or only in a lordotie film. 


TECHNIQUE 
The Bucky diaphragm is routinely employed by us in taking lordotic films. The pa- 
tient stands with the back toward the cassette changer or the table in the vertical position 
if the table Bucky is used. One short step is taken away from the cassette changer and the 
patient leans back, resting the uppermost dorsal part of the chest against the cassette 
changer. The back should be well arched, the thorax at an angle of about 45 degrees to the 
cassette. 
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This will vary somewhat with the patient’s build, the object being to project the 
clavicles completely out of the lung fields. The shoulders should then be hunched forward 
and elevated as much as possible. The x-ray tube focal spot is positioned about one inch 
below the level of the xyphoid cartilage. An 11 by 14 inch film is used with the long 
dimension horizontal. Focal spot film distance is 48 inches. Exposure factors: 200 Ma.; 
0.1 second; usual KVP 90 to 94 depending on the size of the patient, with extremes of 
86 KVP (for a very small person) and 98 KVP (for a very large person). By this technique, 
evidence of herniation secondary to change in size of lung will be best seen. 


Case 1 

Fig. 1.—Posteroanterior roentgenogram showing shadow of minimal disease in right 
second anterior interspace. 

Fig. 2.—Lordotic roentgenogram showing shadow of lesion to better advantage. Arrows 
outline border of left lung shadow seen crossing that of tracheal air column indicating begin- 
ning displacement left to right hemithorax. 

Case 2 

Fig. 3.—Posteroanterior roentgenogram showing bilateral pneumothorax with bilateral 
fluid. The arrows outline a mediastinal displacement of right hydropneumothorax into left 
chest. 

Fig. 4.—Roentgenogram taken in tilt position further verifies the above findings. 

Fig. 5.—Lordotic roentgenogram showing displacement or herniation of mediastinal pleura 
from right into left hemithorax, 


The loss of lung volume may be the result of parenchymal disease, bronchial 
disease, resection of lung tissue, or limitation of expansion by pleurogenic fac- 
tors, or any combination of these. It is well known that tuberculosis is most 
often located in the apical and posterior portions of lobes. Commonly, when 
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the diseased part contracts, it moves posteromedially toward the paravertebral 
gutter. Rotation similarly occurs in the presence of pulmonary collapse by 
pneumothorax and thoracoplasty. This is evidenced at bronchoscopy by noting 
rotation of the tracheal carina and displacement of certain of the bronchial 
openings in a clockwise or counterclockwise direction, depending upon the side 
toward which the rotation occurs. 

The roentgenogram may show the position of the mediastinal structures to 
be normal or deviated to one or the other side. Rotation may not be recognized. 
Where the fissure lines can be detected in the posteroanterior or lateral films, 
they are helpful in discerning areas of lung distention. The lordotie film, how- 
ever, is most helpful and often shows distention of a part of the lung (lung 
hernia) over to one or the other side of the midline. Where a considerable 
amount of disease in the upper lobe produces contraction, there results displace- 
ment of the opposite lung. 

Pulmonary compensation by such displacement is often observed at post- 
mortem examination after removal of the breast plate. When one lung is 
greatly shrunken, the opposite lung may be distended into the hemithorax con- 
taining the shrunken lung. Moreover, in open chest surgery for tuberculosis, 
at times a despression or protrusion of the pleural membranes along the anterior 
mediastinum may be noted. Evidence of compensation by distention of the 
lung is best seen in cases of abandoned pneumothorax. In some eases, where 
little or no hernia is noted before pneumothorax treatment, a rather striking 
change is seen after, especially where the re-expansion is complete. There is 
other evidence of decrease in volume of the treated lung; the mediastinum is 
seen to shift to the diseased side and the other factors of compensatory change 
(flattening of the chest wall, elevation of the diaphragm, and limited motion) 
may also be observed. When lordotie roentgenograms are taken, a localized area 
of distention of the lung is seen, not generally detected in the conventional film. 

The lordotice film will demonstrate small areas of pulmonary distention 
(Fig. 2), whereas bronchospirometry cannot localize distention to lobes and 
ean only reveal relatively large changes in lung volume. The distention of the 
contralateral lung toward the diseased side may be seen in varying degrees, from 
a slight amount of displacement which can just be seen within the air column 
of the tracheal shadow, to extensive shift of a portion of the lung well into the 
opposite side (true herniation). The degree to which pulmonary displacement 
may occur is dependent upon a number of factors which will be considered later. 
However, the chief of these is reduction of lung volume secondary to disease or 
removal of lung tissue. 


A relatively small amount of lung involvement, as seen in the conventional 
posteroanterior roentgenogram, may be accompanied by unexpected displace- 
ment of the uninvolved lung toward the side of the disease, as demonstrated 
only in the lordotie film. This finding would suggest that the extent of lung 
damage indicated in the regular roentgenogram may not be accurate. In the 
absence of serial films, it is reasonable to assume that more extensive disease 
had been previously present and clearing occurred without restitution of the 
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lung to normal. Reduction in lung volume, therefore, made a demand for space 
filling, resulting in the yielding of the weak anterior mediastinum, permitting 
herniation of the opposite lung. In the presence of bilateral disease, displace- 
ment toward one side would indicate which lung had the greater reduction of 
lung volume. In bilateral re-expanded pneumothorax, the degree and side of 
displacement would indicate which lung re-expanded the better or had the 
lesser extent of lung damage (Figs. 6 to 9). 





Case 3 

Fig. 6.—Lordotic roentgenogram showing bilateral pneumothorax and no visible ‘‘hernia.”’ 

Fig. 7.—Lordotic roentgenogram after re-expansion of right pneumothorax, showing 
‘thernial’’ displacement from left to right. 

Fig. 8.—Lordotic roentgenogram showing ‘“‘hernial’’ displacement now right to left as 
pneumothorax on the left is being let up. 

Fig. 9.—Lordotic roentgenogram after complete re-expansion on both sides. ‘Hernial’” 
displacement remains to the left. 


The degree of pulmonary displacement is not always predictable from a 
casual review of earlier films, as a number of factors are concerned. Repeated 
local spreads of disease accompanied by clearing may have caused greater 
change in the surrounding lung than suspected. A point could be reached 
where irreversible emphysema was produced in the segment of lung containing 





Case 4 


Fig. 10.—Posteroanterior roentgenogram showing giant sized cavitary shadow with sur- 
rounding densities. Note absence of tracheal deviation despite extensive pulmonary disease. 
Fig. 11.—Lordotic roentgenogram showing same shadows to better advantage. Note ab- 
sence of any contralateral pulmonary displacement, 
Figs. 12 and 13.—Right lateral roentgenograms taken in both inspiration and expiration to 
show localized obstruction (failure to deflate) of right upper lobe accounting for absence of shift 
and displacement. 


Case 5 
Fig. 14.—Posteroanterior roentgenogram of patient with bilateral pulmonary disease, bilat- 
eral pleurisy, and tracheal deviation to right. é Peay MES 
‘ig. 15.—Lordotic roentgenogram showing very limited herniation. This is in presence of 
marked restriction of respiratory motion. 
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the visible area of disease. Where obstructive emphysema is present, decrease 
of lung volume is not very marked and there may be little or no herniation even 
in the presence of extensive pulmonary disease (Figs. 10 to 13). 

A similar situation may be present when bilateral effusion (Figs. 14 and 
15) or unilateral effusion on the side opposite that containing the greater 
amount of disease has caused limited mobility of the lung. In other instances 
there may have been antecedent bronchitis and emphysema, asthma, or other 
pulmonary disease, associated with decrease in elasticity of the lung. Any of 


Case 6 

Fig. 16.—Posteroanterior roentgenogram of case of abandoned pneumothorax with fluid 
replacement. There is collapse of underlying lung and tracheal shadow is shifted to left. 

Fig. 17.—Lordotic roentgenogram showing pulmonary displacement of right lung into left 
— Though there is a filled left hemithorax, the conditions are hypotensive, permitting 
of shift. 

bag sf 

18.—Posteroanterior roentgenogram of patient who had right upper lobectomy with 
limited. Choranentanty leaving first rib in place. 

Fig. 19.—Lordotic roentgenogram showing the pulmonary displacement of left lung toward 
right, crossing a part of the deviated tracheal shadow. 


these above factors would modify the forces causing the displacement. On the 
other hand, an abandoned pneumothorax may have been allowed to fill with 
fluid for the purpose of ‘‘holding down’’ the collapsed lung. The pressure 
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exerted here is chiefly hydrostatic but, in reality, there may be a negative 
intrapleural pressure exerting its effect upon the mediastinum. Shift toward 
the fluid side may readily occur and result in contralateral pulmonary displace- 
ment, despite the pressure of the fluid (Figs. 16 and 17). 


Case 8 

Fig. 20.—Posteroanterior roentgenogram showing abnormal shadows in lower lung field 
chiefly and deviation of tracheal shadow. 

Fig. 21.—Lordotic roentgenogram showing pulmonary displacement of left lung into right 
hemithorax. 

Fig. 22.—Posteroanterior roentgenogram following pneumonectomy for bronchial and pul- 
monary disease followed in one month by thoracoplasty with removal of first rib. 

Fig. 23.—Lordotic roentgenogram showing reduction in size of herniation despite pneu- 
monectomy but with addition of thoracoplasty. 


A not too dissimilar condition is noted in cases where thoracoplasty is done 
following resection, leaving behind the first rib. Here, too, is noted a space- 
filling shift of the contralateral lung, seen best in the lordotie film (Figs. 18 and 
19). In contrast to this, even after pneumonectomy, if the thoracoplasty in- 
cludes the removal of the first rib, this tendency to distention may be greatly 
limited or prevented (Figs. 20 to 23). However, when there is pre-existing 
pulmonary displacement, it is not always reducible by thoracoplasty (Figs. 24 to 
29). Experience has shown that even where the entire first and second ribs, 
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Case 9 

Fig. 24.—Lordotiec roentgenogram showing pulmonary shadows and absence of herniation. 

Fig. 25.—Lordotic roentgenogram after pneumothorax again in the absence of herniation. 

Fig. 26.—Posteroanterior roentgenogram following re-expansion of unsuccessful pneumo- 
thorax showing mediastinal shift to the right. 

Fig. 27.—Lordotic roentgenogram showing marked herniation. 

Fig. 28.—Posteroanterior roentgenogram following thoracoplasty with good anatomic 
collapse. 

Fig. 29.—Lordotic roentgenogram showing persistence of pulmonary displacement. 


including the cartilage to the sternum, are removed in a preliminary anterior 
operation, the hernia may persist. With the thoracoplasty completed pos- 
teriorly, the mediastinum may not be returned to the normal position and the 
distention not corrected. 
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In other cases, there is reduction in the size of the hernia or it may be 
satisfactorily corrected (Figs. 30 to 32). On occasion, there may be further 
increase in the amount of pulmonary displacement following thoracoplasty. The 
latter apparently results from the further collapse with posterolateral rotation 


Case 10 

Fig. 30.—Lordotic roentgenogram before thoracoplasty showing herniation of right lung 
to left hemithorax as well as fluid level in large cavity. 

Figs. 31 and 32.—Lordotic roentgenograms showing progressive decrease in size of hernia 
following first and second stages of conventional thoracoplasty. 
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of the underlying diseased lung as healing organization takes place. Such an 
increase in pulmonary distention as seen by lordotiec roentgenogram helps to 
explain why in some cases the late effects of thoracoplasty are associated with 
further loss of pulmonary function, in addition to the scoliosis reported by 


others.’ 


Case 11 

Fig. 33.—Lordotic roentgenozram showing large hernial displacement of left lung into right 
hemithorax in inspiration by the standard technique. 

Fig. 34.—Same during expiration showing marked reduction in size of hernia. 


Where thoracoplasty is done some time before pneumoncctomy or before 
complete abandonment of pneumothorax, this displacement may be greatly 
limited or perhaps prevented. It has been reported by others’ that greatly 
delayed thoracoplasty after pneumonectomy, because of pulmonary overdisten- 
tion, fails to improve function. The lordotie film, showing persistence of hernia- 
tion following thoracoplasty, indicates that the overdistention was not corrected. 
A clue as to the expected successful replacement of the distended lung may be 
had by comparing the lordotic roentgenograms taken in inspiration and expira- 
tion (Figs. 33 and 34). In some instances, these herniated portions of the lung 
may become smaller, others disappear from view, while still others remain un- 
changed in expiration. Those remaining unchanged behave very much like an 
area of localized obstructive emphysema, resisting collapse. 

A further observation noted in this study was contralateral breakdown in 
some eases after re-expansion of a successful pneumothorax (Figs. 35 to 38). 
The material did not lend itself to statistical analysis, but a strong impression 
was gained that two factors were common. There was usually a previous small 
foeus of disease in the lung opposite to that treated by pneumothorax and, 
furthermore, the breakdown, as seen in the lordotic film, was at the same level as 
the herniated portion of the lung. A similar set of circumstances was noted, as 
well, in thoracoplasty cases (Figs. 39 to 42). 

There were cases that had contralateral foci with herniation of lung before 
the thoracoplasty was done. At a later date it was noted that (1) the hernia 
persisted, and (2) the contralateral breakdown was at the same level. <A correla- 
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tion between pulmonary overdistention and breakdown of tuberculous foci has 
been under study for some time, but the evidence for cause-and-effect relation- 
ship is still inconclusive. 

It has been noted also in the review of this material that not only is 
thoracoplasty not necessarily a corrective measure, but the displacement persists 
in the presence of phrenic nerve paralysis and of pneumoperitoneum. Plombage 
measures, on the other hand, may be seen effectively to correct the displacement. 


Case 12 

Fig. 35.—Posteroanterior roentgenogram showing pneumothorax on right. 

Fig. 36.—Lordotic roentgenogram showing absence of displacement but showing minimal 
shadows in left upper lung field. 

Fig. 37.—Posteroanterior roentgenogram after re-expangion of presumably successful 
pneumothorax on the right, but new shadow appeared on the left. 

Fig. 38.—Lordotic roentgenogram showing to better advantage the annular shadow on the 
left directly opposite to the area of pulmonary displacement of left lung into right hemithorax. 


This was seen in eases of extrapleural pneumothorax especially, since the pres- 
sures are usually kept on the positive side in both phases of respiration. Here, 
it is not unlike intrapleural air in that where there is a pre-existing displace- 
ment of the lung toward the side for which pneumothorax is to be given, the 
hernia is effectively reduced. 

It is not intended to recommend plombage as a better form of collapse 
treatment. It can be said, however, that replacement of distended contralateral 
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lung is another reason for plombage in addition to its use to attempt to compress 
a lung that resists collapse by other means. This goes as well for the use of 
prosthesis in certain pneumonectomies instead of doing late thoracoplasty. The 
limitation of distention of the remaining lung is more effectively controlled by 
space-filling material. 


Case 13 

Fig. 39.—Posteroanterior roentgenogram before thoracoplasty showing shadow of moderate 
disease on the right with tracheal deviation and minimal shadow on the left. 

Fig. 40.—l.ordotic roentgenogram showing herniation present of left lung into right hemi- 
thorax, 

Fig. 41.—Posteroanterior roentgenogram following thoracoplasty showing increase of 
shadow on left. 

Fig. 42.—Lordotic roentgenogram showing persistence of pulmonary displacement and 
development of annular shadow at site of previous focus. 


The pattern of compensatory dilatation of the lung is not known. It is 
not clear whether all of the remaining uninvolved tissue contributes to a degree 
to the distention, or whether immediately contiguous areas play the predominant 
role. It is possible to consider that the lung may have areas of different 
elasticity, inasmuch as about the root, in the apex and at the spine movement is 
restricted, and so also may be expansibility. 

Microscopie examinations of pathologie tissue reveal that in the region 
of a tuberculous or other nodule the immediately surrounding alveoli are 
enlarged in contrast to the more distant normal sized air sacs. In examining 
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large portions of lung, one sees in addition to the characteristic areas of disease, 
some distended alveoli, others collapsed, and still others of comparatively normal 
size. The elastic property of the lung has been recognized and its ability to 
fill space in the thorax is particularly exemplified following pneumonectomy. 
Under other altered physiologic conditions, one may note collapse of lung tissue 
or inability of emptying as in emphysema. This latter may be secondary to 
(a) loss of elasticity or (b) bronchial obstruction. It is also known that both 
in the human being and in the experimental animal, emphysema is more com- 
monly seen in the peripheral portions of the lung. This is more striking where 
blebs are noted under the visceral pleura. 

It has been seen that a segment of lobe or an entire lobe may be lost by 
disease or resection without significantly altering measurable pulmonary fune- 
tion. The difference between compensatory dilatation and pathologie or so- 
ealled ‘‘irreversible emphysema’’ is a subject of debate between physiologist 
and pathologist. It is possible, however, to demonstrate localized regions of 
trapping of air by roenigen means and thereby conclude that functional altera- 
tions must likewise be present. It is tempting to suggest that a portion of the 
lung may undergo distention selectively and thereby permit the remaining lung 
to function normally within certain limits. 

On the basis of these studies, the use of the lordotie roentgenogram has been 
extended. It is useful for checking on the re-expansion of pneumothorax (intra- 
pleural and extrapleural). While shift of the mediastinum is easily recognized, 
contralateral pulmonary displacement may be seen to a greater degree in the 
lordotie roentgenogram or may be seen in the absence of tracheal shift. These 
findings have been given broader application from a surgical standpoint as well. 
The question as to when or if a space-reducing thoracoplasty should be done 
following resection or decortication remains a matter of personal preference 
for various reasons. 

Here, in the lordotie roentgenogram, is some evidence regarding ipsilateral 
expansion and contralateral overexpansion which may serve in a general way 
as a yardstick. Following pulmonary resection of a lobe or less, the post- 
operative roentgenograms taken from three to four weeks after surgery are 
used in determining whether or not a space-reducing thoracoplasty will be per- 
formed. Should contralateral pulmonary displacement develop or exceed pre- 
existing change, the operation is generally done. In the presence of a small 
contralateral lesion for which bilateral resection is not planned, greater weight 
is given in favor of doing the thoracoplasty. In cases of decortication with or 
without parenchymal resection, the same pattern is generally applied. The 
development of or increase in size of a pre-existing contralateral lung hernia is 
suggestive evidence that re-expansion of the decorticated lung is limited. A 
thoracoplasty is therefore done to contain the re-expanded lung within its 
boundaries of expansion. This is to be preferred to overexpansion for space 
filling by emphysema, with possible reduction in function rather than improve- 
ment. It seems entirely possible, also, to use these clues of behavior of pul- 
monary distention in deciding about a preliminary thoracoplasty to decortica- 
tion and/or lung resection. 
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SUMMARY 


1. The lordotic roentgenogram reveals evidence of anterior mediastinal lung 
herniation, indicating pulmonary distention which may not be seen or suspected 
in other roentgenograms. 

2. Contralateral pulmonary distention results from loss of lung volume 
secondary to pleural, bronchial, or parenchymal factors, or following resection. 

3. Changes in lung size noted prior to surgery may be seen to persist follow- 
ing operation, as in thoracoplasty. 

4. Exacerbation of parenchymal disease has been associated with pulmonary 
overdistention. This finding is believed to warrant further study. 

5. The lordotic roentgenogram serves as a guide in assessing re-expansion 
of the lung following pneumothorax or resection and it is used to indicate when 
thoracoplasty might be added to advantage. 


The radiographic illustrations were prepared by Anna M. Sanlow, Senior X-ray Tech- 
nician, Ray Brook State Tuberculosis Hospital, Ray Brook, N. Y. 
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EXPERIMENTAL LUNG TRANSPLANTATION 


Wi~rorp B. NEptuNE, M.D., Russet WELLER, M.D., AND 
CHARLES P. Battery, M.D. 
PHILADELPHIA, PA. 


"THE exchange of a normal for a diseased organ has long been an appealing 

idea. Many attempts at homologous transplantation of various tissues and 
organs have been made, and, with the exception of an occasional successful 
‘‘take’’ in skin grafts from an identical twin, all have ended in failure.t How- 
ever, following the report of Juvenelle and his associates,? concerning successful 
autogenous reimplantation of a lung in a dog, we were stimulated with the idea 
of performing similar experiments for physiologic study and as a preliminary 
step for attempting homologous transplantation of lungs. 


TECHNIQUE 


We followed a technique somewhat different from that reported by 
Juvenelle and his associates.2 Fairly large mongrel dogs were anesthetized with 
intravenous Nembutal, and respiration was maintained by use of a Pneophore 
respirator* attached to an endotracheal tube with an inflated rubber cuff. The 
lung was mobilized and removed. The left main pulmonary artery was mobilized 


and divided between vascular clamps. The bronchus was then dissected free 
and divided after clamping the proximal portion with a Potts bronchus clamp. 
After this, the pulmonary veins and the portion of the left auricle containing 
the entrance of the left pulmonary veins were dissected by developing the tissue 
plane posteriorly and opening the pericardium anteriorly. Instead of transect- 
ing the‘pulmonary veins, which necessitates two or more small vessel anastomoses, 
we performed a resection of a portion of the left auricle by use of the Potts 
eurved, right angle vascular clamp (Fig. 1). With this method we then had 
to perform only one venous anastomosis; also, the auricle is thick and fairly 
tough and anastomosis is much easier. 

After the lung was removed, we washed the vascular system with saline 
solution, containing heparin, to remove blood and prevent clotting during the 
subsequent surgical procedure. In the ease of homologous transplantation, the 
donor dog was heparinized prior to surgery and this washing was not necessary 
(Fig. 2). The lung was then connected by suture anastomosis. The auricle was 
anastomosed with a running everted mattress suture of 00000 silk; these were 
interrupted about three times on the anterior and posterior row. The pulmonary 
artery was next anastomosed, and circulation was allowed to resume through 
the lung. The bronchus was next anastomosed; our best results have followed 
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Fig. 1.—This shows the thorax of the recipient animal following left pneumonectomy. 
Note the clamps used to manage the left pulmonary artery, left main bronchus, and left 
auricle. 


Fig. 2.—The donor lung, ready for anastomosis. 





\ 
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Fig. 3.—This shows the transplanted lung after anastomosis and expansion before closure 
the chest. 


Fig. 4.—Roentgen examination one year following autogenous, reimplantation of the left lung; 
A, normal exposure, B, underexpcsure to demonstrate lung markings. 
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the use of a running, end-to-end anastomosis, using 0000 silk vascular suture 
material. The lung was then inflated (Fig. 3) and the chest closed. The animals 
received preoperative and postoperative antibiotics. No heparin was used, other 
than as mentioned above. 

Following surgery, the animals were evaluated by physical examination 
of the chest, weekly bronchoscopy for the study of the bronchial anastomosis, 
and frequent roentgen examinations of the chest. 


RESULTS 


I. Autogenous Reimplantation.—We have one dog with a successful autog- 
enous reimplantation of the left lung. The dog is now living and well, more 
than one year following surgery, and the reimplanted lung is apparently 
normal by all studies. Bronchoscopy, one year after surgery, reveals a well- 
healed area of bronchial anastomosis with no evidence of stenosis by sear con- 
tracture. Periodic bronchoscopy revealed the sutures being removed, until 
now they are all gone and the area is completely healed. Ventilation as observed 
through the bronchoscope and by auscultation of the chest is normal. Roentgen 
examination of the chest (Fig. 4) reveals the left lung expanded and aerated, 
although there is some retraction of the mediastinum to the operative side. 
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Fig. 5.—Bronchospirometry tracings with the Norris catheter in the right main bronchus, 
and the trachea; the difference represents ventilation and oxygen utilization by the left 
reimplanted lung six weeks following surgery. 


Differential oxygen utilization by bronchospirometry, performed six weeks 
after surgery, revealed a tidal exchange of 108 ¢.c. with 58 ee. on the right 
and 166 ¢.c. on the left. The bronchospirometry was performed by use of a 
Norris catheter placed in the right main bronchus and then in the trachea, the 
position being checked by fluoroscopy. We realize that these figures may not be 
entirely accurate, due to the possibility of the upper lobe bronchus on the right 
being occluded, but observation of the tracing leaves no doubt as to ventilation 
and oxygen utilization being carried out on the left (reimplantation) side 
(Fig. 5). 

II. Homologous Transplantation—We have performed twenty-five homol- 
ogous lung transplantations. Although none of the experiments were successful, 
several were interesting and difficult to explain, due to the results. Table I 
summarizes the group of experiments. The average length of survival for the 
entire group was nine days. However, ACTH, 20 mg. per day, was used in 
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TABLE I. HomoLocous LUNG TRANSPLANTATION 








SURVIVAL 
IN DAYS CAUSE OF DEATH MAJOR FINDINGS 
0 Hemorrhage 
1 Tension pneumothorax Small leak in bronchial anas- 
tomosis 





Hemorrhage 
Lung solid 
Lung solid 
Lung solid 
Lung solid 
Lung solid; venous thrombosis 
Lung solid 
Tension pneumothorax Slough of bronchus 
Lung solid 
Lung solid; slough of bronchus 
Lung solid; thrombosis of 
auricle 
Spontaneous penumothorax Slough of bronchus 
Pulmonary edema Pulmonary edema of trans- 
planted lung 
Lung solid 
a7 Tension pneumothorax Slough of bronchus 
18* Distemper silateral areas of pneumonia, 
otherwise normal 
19 Lung solid 
20 Lung solid 
21t Lung solid 
22* Pneumonectomy of trans- Atelectasis; bronchostenosis 
planted lung (dog living) 
23tt Lung solid 
24t Lung solid 
25t Lung solid 


ry 
© mB Co Oe DO ATH DO CO OT 





*These experiments are described in the text. 


; jDesensitization with antigen prepared from the donor dog’s contralateral lung was used 
in experiments 21 and 23. 


tACTH, 20 mg. per day, was used in experiments 22, 23, 24, and 25. 


four of the experiments, and in these the survival period was twenty-five days, 
in contrast to a survival period of only six days in the experiments without 
ACTH. 


All of the animals were in excellent health, and had received penicillin for 
forty-eight hours before surgery. Animals comparable in size were used. In 
some of the experiments, litter mates were used, but no difference in survival 
time was noted. All animals received streptomycin for five full days following 
surgery ; penicillin was given daily until the animals expired. 


With the exception of the two experiments to be described, the clinical 
course followed a consistent pattern. The animals appeared in excellent condi- 
tion. The day following surgery, they would drink liquids, eat, and were quite 
willing to walk on a leash. There was ventilation, as evidenced by auscultation 
and roentgen examination of the lungs. Bronchoscopy, early, revealed a patent 
bronchus and ventilation. The animals appeared healthy, and the lung ap- 
parently was functioning for about half of the survival period. Then the animals 
became listless, refused to eat, and finally died. With the evidence of clinical 
deterioration, there was also evidence of lack of aeration by auscultation and 
roentgen examination (Fig. 6). Bronchoscopy at this time usually revealed 
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extrinsic compression of the bronchus beyond the suture line, and the bronchus 
was usually filled with bloody, necrotic debris. Occasionally, a slough of the 
bronchial anastomotic area was observed. 

Examination of the thoracie viscera, following death of the animals, revealed 
rather consistent findings. The transplanted lung was grossly enlarged in size 
and weight ; it was very dark red and appeared solid on palpation (Fig. 7). On 
cutting, it appeared as a mass of necrotic tissue. There was no gross pattern 
consistent with pulmonary tissue. Although the lungs appeared necrotic, some 
of the specimens which survived longer, and especially those in which ACTH 
was used, appeared more solid and firm in contrast to the extremely friable 
specimens of short-term survival. 


Fig. 6.—Roentgen examination following homologous left lung transplant to demonstrate 
characteristic finding after the animal develops lack of aeration. 


There was gross evidence of bronchial slough in four specimens; the slough 
did not appear to involve the entire thickness of the bronchial wall, but was 
usually confined to the mucosa. However, of these four with evidence of 
bronchial slough, three expired due to tension pneumothorax. Most of the speci- 
mens revealed thrombosis of the smaller, peripheral pulmonary veins, but 
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Fig. 7.—Photograph of thoracic viscera, showing characteristic findings in the homologous 
transplanted left lung. The lung is large, dark red, and solid. 
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Fig. 8.—Photomicrograph of a section from a homologous lung transplant, showing character- 
istic findings. (See text.) 
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thrombosis of the auricular anastomotic suture line was present in only two 
specimens. No thrombosis of the pulmonary artery occurred. The bronchus was 
usually almost completely compressed due to extrinsic compression by the 
enlarged solid lung, and the bronchial lumen throughout the lung was filled with 
necrotic debris. The animal’s own lung was usually normal, although oc- 
casionally small areas of bronchopneumonia were observed. None of the animals 
developed an empyema or wound infection. 

Microscopic examination (Fig. 8) of the transplanted lung usually revealed 
consolidation due to filling of the alveoli with erythrocytes and polymorphonu- 
clear leukocytes. Most of the lung tissue had undergone necrosis. In the larger 
veins of the lungs, recently formed thrombi were seen made up of fibrin, 
platelets, erythrocytes, and a few leukocytes. Throughout the lung there was 
a diffuse polymorphonuclear leukocytie infiltration, most marked about the 
smaller and medium-sized blood vessels. Examination of sections through the 
bronchus at the point of anastomosis revealed no cellular reaction at the site 
of the suture material. 


Desensitization In two experiments, we tried desensitization of the re- 
cipient animal by use of an antigen prepared from the donor animal’s contra- 
lateral lung.* A right lobectomy was performed on the donor animal, and a 
sterile preparation of lung tissue antigen was prepared. Although the strength 
of the antigen was unknown, it was given to the recipient in increasing doses, 
subcutaneously, starting with 0.2 ¢.c. and increasing to 0.5 e.¢c. on the seventeenth, 
fifteenth, twelfth, eighth, fifth, and last days before transplantation. On the 
basis of sensitization studies in rabbits, this should produce sensitivity and anti- 
body formation. After transplantation, in an attempt to block new-formed anti- 
bodies, the antigen was continued; 0.5 ¢.c. was administered every three days, 
until the animal expired. This was only used in two experiments. The survival 
in one, without supplemental ACTH, was four days; in the other, with ACTH, 
the survival was ten days. Although statistically of no significance, the antigen, 
as used, appeared to be of no value. The pathology of the specimens did not 
reveal any differences from the ones in which antigen was not used. 


ACTH .—In an attempt to diminish or, perhaps, prevent the development 
of sensitivity in the recipient animal, we administered ACTH to four animals 
following transplantation. We used 20 mg. per day in two divided doses; this 
was continued as long as the animals survived. It is of interest to note that 
the average survival time in these four experiments was twenty-five days, in 
contrast to only six days in those experiments in which ACTH was not used. 
In addition, the animals receiving ACTH had an improved clinical course 
following surgery, as evidenced by an increase in appetite; they engaged in 
more activity, and the length of time the transplanted lung apparently fune- 
tioned was more than half the period of survival, as usually found in other 
animals. Moreover, once the transplanted lung developed lack of aeration, the 
animals continued to be active and appeared well until one or two days before 


*The antigen was prepared by Dr. W. L. Gaby, of the Department of Bacteriology. 
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death. Although the survival period was increased, the pathology of the speci- 
mens did not appear different from those animals not receiving ACTH. 


EXPERIMENT 18.—This experiment was interesting and difficult to explain due to the 
results. Homologous left lung transplantation was performed and the animal received the 
usual antibiotics postoperatively. No ACTH was used. Following surgery, the animal ap- 
peared to be in excellent health and the lung appeared to function. On the seventh day after 
surgery, bronchoscopy revealed the site of anastomosis to be healed except for a few small 
areas of granulation tissue. The animal continued in good health, and bronchoscopy seventeen 


® . 
days after surgery revealed only a minimum of contracture at the site of anastomosis. 


Fig. §9.—Photograph of the thoracic viscera, twenty-seven days following left homol- 
ogous lung transplantation. This animal died due to distemper; note the bronchopneumonia 
(complication of distemper?) and similar appearance of both lungs. (Experiment 18.) 


Twenty-three days following surgery, the animal developed signs and symptoms of distemper 
(all of the animals are vaccinated for distemper on admission), and consultation with a 
veterinarian was obtained. The animal was treated with anticanine distemper serum and re- 
ceived parenteral fluids (all antibiotics had been maintained since surgery). In spite of 
therapy, the animal developed evidence of complicating meningitis and expired twenty-seven 
days after surgery. 
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Fig. 11.—Photomicrograph of the transplanted lung. (See Figs. 9 and 10.) 
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Examination of the thoracic viscera revealed the presence of bilateral, small areas of 
bronchopneumonia (this could easily be a complication of the distemper), but the trans- 
planted lung was aerated, soft, crepitant, and appeared normal (Fig. 9). Roentgen exami- 
nation of the specimen revealed aeration of the transplanted lung (Fig. 10). There was no 
evidence of thrombosis in any of the pulmonary vessels. The bronchial anastomosis revealed 
evidence of some slough of the mucosa of the transplanted lung, near the suture line, but 
this had healed with only a minimum of scar contracture. Microscopic examination (Fig. 11) 
revealed an acute lobular pneumonia characterized by polymorphonuclear leukocytes within 
the lumina of the small bronchi, infiltrating their walls, and extending into adjacent alveoli. 


Fig. 12.—Roentgen examination three weeks following left homologous lung transplantation. 
(Experiment 22.) 


There were focal areas in which the lung was atelectatic, and it may be noted that the tissue 
was well preserved and there was no evidence of necrosis. The blood vessels were not. re- 
markable, with the exception of a few recently formed thrombi which were seen in small 
veins. The mesothelial cells of the pleura were prominent; however, this tissue was not 
otherwise remarkable. Most of the capillaries and smaller vessels of the lung were engorged 
with erythrocytes, and in some areas there was pink edema fluid in the alveoli. 


We are unable to explain the apparent success in this experiment, although the animal 
died, due to the complications, apparently, of distemper. The lung, by gross and microscopic 
examination, appeared to be living and functioning until death. The only explanation we 
can offer is that the state of ‘‘tissue sensitivity’’ had not yet had time to develop and pro- 
duce the characteristic changes. 
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EXPERIMENT 22.—In this experiment, the animal received ACTH in addition to the usual 
postoperative care. The animal was unusually active, and appeared healthy, and roentgen 
examination of the chest revealed an aerated left lung (Fig. 12). Repeated bronchoscopy 
revealed good healing and no contracture at the site of anastomosis. However four weeks 
following surgery, the animal developed a few thrombi throughout the transplanted lung, 
and bronchoscopy revealed clear secretions and rather friable granulation tissue at the site 
of bronchial anastomosis. Breath sounds after bronchoscopy were excellent. Although the 
lung appeared aerated by roentgen examination for four weeks, on the thirty-first day after 
surgery, the lung was atelectatic. Bronchoscopy at this time revealed almost complete stenosis 


Fig. 13. Surgical specimen: pneumonectomy forty-two days following homologous lung trans- 
plantation. Grossly, the lung was atelectatic, but otherwise normal. (Experiment 22.) 


of the bronchus by granulation tissue at the site of bronchial anastomosis. Several attempts 
were made at bronchial dilatation without success, and on the forty-second day following 
transplantation, an exploratory thoracotomy was performed. It was our hope to resect the 
area of obstruction and repair it with a dermal graft, after the method of Gebauer.3 On 
exploration, the lung had the appearance of atelectasis, but was otherwise normal. The 
bronchus, on mobilization, appeared stenosed from the site of previous anastomosis near the 
carina, and the stenosis extended beyond the hilum into the branch bronchi. Due to the 
findings, the transplanted lung was removed. The animal made an uneventful recovery. 
The surgical specimen was atelectatic, but otherwise normal (Fig. 13). No thrombosis 
of the vessels was found. The main bronchus and the beginning of the branch bronchi had 
apparently developed a slough of the mucosa and part of the submucosa, and the resulting 
granulation and contracture produced complete stenosis. Distal to the stenosis, the bronchi 
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Fig. 14.—A and B, Photomicrographs of the transplanted lung. (See Figs. 12 and 13.) 
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were filled with clear, mucoid exudate, but were otherwise normal. Microscopic examination 
of sections through the main bronchus revealed severe distortion due to scarring and foci 
of granulation tissue with necrosis, capillary ingrowth, fibroblastic proliferation, and infiltra- 
tion by lymphocytes and a few eosinophils. Occasional bits of suture material were present 
within the granulomatous foci. The walls of the small and medium-sized arteries revealed 
muscular thickening. Other large bronchi were diffusely infiltrated by polymorphonuclear 
leukocytes and contained similar exudate within their lumina. There was an acute lobular 
pneumonia present, and in some areas focal collections of lymphocytes were seen, particularly 
near the walls of small bronchi. In many sections of the lung there was atelectasis and 
occasional alveoli contained pink edema fluid. In many areas collections of polymorphonuclear 
neutrophils appeared to be localized just beneath the pleura. The blood vessels were not 
remarkable. Many sections of lung were uninvolved by inflammatory or mechanical change 
(Fig. 14). 


COMMENTS 


The successful autogenous reimplantation of the left lung, now followed 
for one year, demonstrates that technically the transplantation of lungs is 
feasible. However, homologous transplantation has not been successful, due to, 
perhaps, for want of a better term, the production of tissue sensitivity in the 
receipient with resultant death of the donor tissue. The course of events follow- 
ing the transplantation of the lungs was similar to that in homologous skin 
grafts. In the only other report we could find, concerning transplantation of 
lungs from one dog to another, Staudacher, Bellinazza, and Pulin* had an 
average survival period of six to eight days. In their experiments nonsuture 
anastomosis was used since preliminary experiments with suture technique had 
all failed due to thrombosis. Our average survival period was nine days; how- 
ever, it was six days among the animals that did not receive ACTH and the 
average survival period was extended to twenty-five days among those animals 
receiving ACTH Also, all of our experiments were performed using suture 
anastomotic technique, and without anticogulants .postoperatively. Of the 
twenty-five homologous transplantations, thrombosis of the suture line in the 
auricular anastomosis occurred in only two; there was no instance of throm- 
bosis in the pulmonary artery anastomoses. In two experiments we obtained 
satisfactory results as far as the life of the donor lung was concerned. In one, 
the animal died twenty-seven days after surgery due to distemper, and the lung 
appeared normal; in the second, atelectasis developed due to bronchostenosis 
following slough of the bronchus with formation of granulation tissue and scar 
contracture. Pneumonectomy forty-two days after transplantation revealed 
only atelectasis of the transplanted lung. 

The problem of bronchial slough is undoubtedly related to lack of an 
adequate blood supply, due to loss of the bronchial artery following dissection 
and transection of the common bronchus. Ellis, Grindlay, and Edwards’ state 
that slough will always follow loss of the bronchial arterial supply. However, 
although this is an important problem should transplantation become clinically 
feasible, it is not insurmountable. Many of our animals did not develop slough 
as evidenced by periodic bronchoscopy and examination of the post-mortem 
specimens. Also, there has been no difficulty observed in our animal having an 
autogenous reimplantation during the one year following surgery. 
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The problem at the present time would seem to be that of homologous 
transfer of any tissue. The problem is being studied by many investigators, and, 
although unsolved, it should be conquered by the combined efforts of im- 
munologists and tissue culture workers. 


SUMMARY 


1. We have presented our technique for experimental transplantation of 
lungs in dogs. 

2. A successful autogenous reimplantation followed for one year is reported. 
All studies on this animal are normal. 

3. Twenty-five homologous, left lung transplants were performed with an 
average survival time of nine days. The average survival time without the use 
of ACTH was six days; with ACTH it was twenty-five days. 

4, Desensitization by the use of antigen prepared from the donor animal’s 
contralateral lung was used in two experiments, without any evidence of benefit. 

5. Details of the clinical course and pathology of the usual ease are 
described. 

6. Details of two cases with apparent success are presented. In one, the 
animal died after twenty-seven days due to distemper, but the transplanted 
lung was apparently normal. In the other, atelectasis developed after four 
weeks due to bronchostenosis; pneumonectomy on the forty-second day after 
transplantation revealed atelectasis and bronchostenosis, and an otherwise 


normal lung. The only explanation we can offer for the apparent success in these 
two experiments is that the so-called state of tissue sensitivity had not yet had 
time to develop. 
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RESECTION OF AN ACQUIRED COARCTATION OF THE LOW 
THORACIC AORTA AND REPLACEMENT WITH A PRESERVED 
VESSEL GRAFT 


Raupu A. DETERLING, JR., M.D.* 
New York, N. Y. 


HE coarctation commonly treated by surgery occurs as a congenital 

anomaly immediately below the origin of the left subclavian artery. 
However, in the case being reported, a coarctation which was thought to be 
acquired was located 6 em. above the diaphragm. An obliterated left sub- 
clavian artery was also found. The stenotic aortic segment was successfully 
treated by resection and implantation of a preserved human homograft. The 
first report of a coarctation located near the diaphragm was made in 1835 by 
Schlesinger,’ and less than a dozen cases have been described since that time. 


CASE REPORT 

R. R., 905357, a 23-year-old Puerto Rican single woman, was seen in the outpatient 
clinie at Presbyterian Hospital in September, 1948. She complained of nausea and 
epigastric discomfort of two years’ duration. During the previous year she noticed occa- 
sional pains radiating around the left costal margin, which seemed to be worse after eating. 
In the few months before examination, she experienced palpitation, headaches, and dyspnea 
when walking up two flights of stairs. 

The physical examination revealed a small, slender, young woman in no distress. 
She had normal fundi, no unusual pulsations in the neck vessels, and the thyroid gland 
was of normal size. The lungs were clear and the heart was not enlarged. A systolic mur- 
mur was heard only at the apex. The pulse rate was regular at 80 beats per minute. 
The blood pressure was 140/80 mm. of mercury in both arms. The abdomen was negative. 
Femoral and dorsalis pedis pulses were palpable but weak, and her feet were cold. Labora- 
tory reports of hemoglobin, sedimentation rate, urinalysis, serology, chest film and fluoros- 
copy, cholecystogram, and gastrointestinal series were normal. Jscherichia coli cysts 
were found in the stool. The symptoms abated with low dosage of phenobarbital and re- 
assurance. 

She returned in December, 1949, feeling weak. Again, except for a mild anemia and 
Escherichia coli cysts in the stool, the complete examination was not remarkable. The patient 
presented no complaints on a return visit in January, 1950. 

On Oct. 26, 1951, she was referred by the Union Health Center with the diagnosis of 
coarctation of the aorta. At this time there was a blood pressure of 190/100 mm. of mercury 
in the right arm, and 130/95 in the left arm, and a marked difference in radial pulses was 
noted. The dorsalis pedis pulses were absent. These findings were further confirmed during 
a complete work-up in November, 1951. A systolic murmur was heard over the precordium, 
maximal over the aortic and mitral areas. Again a normal serology, sedimentation rate, 
and urinalysis were recorded. Slight anemia persisted. The chest film was still negative 
(Fig. 1). 

On Nov. 12, 1951 she was admitted to the medical service. Repeated determinations 
of blood pressure in the arms revealed readings of 200/85 on the right and 120/90 on the left 
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Fig. 1.—The preoperative chest film reveals a normal aortic knob and cardiac contour. There 
is no notching of the ribs. 


Fig. 2.—Angiocardiogram shows the long narrowed segment of low thoracic aorta. The 
maximal stenosis lies opposite the anterior junction of the ninth and tenth thoracic vertebral 
bodies. The left subclavian artery does not opacify. 
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side. Electrocardiogram showed only left axis deviation. A Nickerson ballistocardiogram on 
Nov. 16, 1951, demonstrated small K waves, very suggestive of coarctation. The chest film 
was normal in all respects and laminograms added no further information. She was trans- 
ferred to the Surgical Service on Nov. 16, 1951. Blood volume, hematocrit, and blood urea 
nitrogen were in the normal range. On Nov. 19, 1951, angiocardiography was performed. 
An elongated narrowing of the aorta, 9 cm. in length, was seen opposite T 9 and T 10 (Fig. 
2). The left subclavian artery was not visualized. The patient noted anginal discomfort 
during the next five days. 

On Nov. 30, 1951, thoracotomy through the seventh rib bed was performed, under intra- 
tracheal ether anesthesia. The long narrowed segment of thoracic aorta was found just above 
the diaphragm, as visualized (Fig. 3, 4). The pleura overlying this segment was thickened 
and very adherent to the adventitia of the aorta. No other evidence of pleuritis or of pul- 
monary inflammation was observed. The entire intrathoracic portion of the left subclavian 
artery was obliterated, and appeared to be a fibrous cord, 0.5 em. in diameter. The upper 
thoracic aorta, left common carotid, and internal mammary arteries were normal. The inter- 
costal arteries were normal except two pairs distal to the point of maximal narrowing. These 
were dilated to twice normal size. Systolic thrill was easily discerned in the few centimeters 
distal to the narrowest point. A segment of low thoracic aorta, including the 9 em. narrowed 
zone, was mobilized by reflecting the pleura and dividing five sets of intercostal arteries. 


. Fig. 3.—A, Operative exposure of the narrowed segment. The site of maximal constric- 
tion can be seen at the extreme right. B, Preserved human homograft replacing the long 
narrowed aortic segment. 


Straight Potts coarctation clamps were applied 1.5 em. above and below the narrowed 
segment. This portion was then resected in its entirety and a perfectly matching homo- 
graft, 8 cm. in length, was implanted (Fig. 3, B). Marked irregular, intimal thickening of 
the adjacent aorta was seen at the cut ends. A continuous over-and-over suture of 00000 
Deknatel silk was used between equidistant traction sutures, for each anastomosis. The 
clamps were removed after thirty-six minutes of occlusion. Blood flow through the graft 
was excellent despite slight but unavoidable constriction at the proximal suture line. 
Continuous recordings of intra-arterial brachial and femoral pressures were made during 
operation,2 and revealed a marked improvement in cardiovascular dynamies when aortic 


blood flow was restored (Fig. 4). 
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A linear fracture of the aorta was noted where the proximal clamp had been placed 
but no leakage occurred. Slight transient bleeding was observed at the anastomoses. 
Additional simple sutures were used in two places for hemostasis. A drainage tube was 
placed laterally through the ninth intercostal space, and 100,000 units of penicillin was 
instilled into the pleural space. A total of 1,200 ¢.c. of whole blood was given during 
operation. 


PT: RR 
10 MIN: POST OP- 3. WKS- POST OP- 
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Fig. 4.—Intra-arterial pressure tracings from the brachial and femoral arteries. A, Be- 
fore operation. B, Immediately after restoring aortic blood flow through the graft. C, Elec- 
trocardiogram and femoral arterial pressure obtained three weeks after operation. Note the 
dicrotic notch. 
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Fig. 5.—Gross specimen reveals a valvelike stricture close to the left edge. Note the marked 
calcification in the proximal aorta, shown at right. 


The excised segment revealed a gradual narrowing to a midpoint at which there was 
a localized stenosis, almost resembling a valve. The adventitia was thickened, as was the 
intima. There was moderately severe calcific degeneration of the media in the few centi- 
meters —— to the point of maximal narrowing. This was not observed distally 
except for a 2 mm. plaque (Fig. 5). The microscopic picture revealed marked thickening of 
the intima. The media had areas suggesting edema; in addition, there was spotty cal- 
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cification and a patchy disruption of the elastic fibers. There was moderate thickening of 
the adventitia from thick hyaline collagen fibers. Throughout the wall, there were peri- 
vascular accumulations of round cells (Fig. 6, 4, b, and c). 

Because of the aortic degeneration and the long length of the graft, 35 mg. of 
heparin was administered subcutaneously every three hours, beginning six hours after 
the operation. The condition of the patient was excellent until the morning of the fourth 
day, Dec. 4, 1951. At 7:30 a.M., she noted pain in the left chest posteriorly and felt faint. 
The blood pressure fell to 110/50 mm. mercury and the pulse rate rose to 140 per minute. 
A moderately rapid administration of 500 ¢.c. of blood intravenously restored blood pres- 
sure to 130/80 and the pulse rate to 110 per minute. Anticoagulation was stopped im- 
mediately and a chest film revealed moderate left hemothorax. During the next day, the 
hemothorax increased but vital signs were good. Aspiration was unsuccessful. Regression 
of the hemothorax was observed during the next two weeks, and the patient was allowed 
to walk on Dee. 20, 1951. Electrocardiogram was normal and the ballistoeardiogram 
showed improvement, with increased K waves. 


Fig. 6.—c, Perivascular round-cell infiltration in the outer adventitial layer. X400, hematoxylin 
and eosin stain. 

Because of recurrence of epigastric pain and nausea, study of the digestive tract 
was again undertaken. The gastrointestinal series was negative, but the gall bladder 
failed to show function. The patient’s symptoms were improved on a low fat diet and 
Banthine. Because of the marked resolution of the hemothorax, decortication was not 
planned. The patient was discharged Jan. 7, 1952, with a blood pressure of 120/80 in the 
right arm and palpable dorsalis pedis pulses. 

On Jan. 19, 1952, she noted sudden precordial pain and was admitted again briefly 
for study. The electrocardiogram was normal, and the chest film showed further resolu- 
tion of the hemothorax. The sedimentation rate was slightly elevated, but blood culture 
and white count were normal. The medical consultant considered the attack to be angina, 
and she was advised to take nitroglycerin tablets if necessary. At subsequent visits in 
February, March, May, and November, 1952, she had a normal brachial blood pressure and pal- 
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pable pulses in the distal extremities. A roentgenogram of the chest in March, 1952, revealed 
complete resolution of the hemothorax (Fig. 7). She remained without symptoms and had 
married by the time of her next visit in February, 1953, fifteen months following the operation. 


Fig. 7.—Chest film obtained about three months after left hemothorax occurred. Note the 
complete spontaneous resolution of this process. 


DISCUSSION 

While surgical repair of coarctation occurring in the usual site is no 
longer considered rare, only five operated cases with stenosis situated just 
above the diaphragm have been noted in the literature. Olim® explored a 
20-year-old woman with the clinical diagnosis of coarctation. Because his 
approach was through the fourth interspace, another operation had to be 
performed to permit better exposure of the stenosis which was situated 5.0 
em. above the diaphragm. Although an aortic segment only 1.7 em. was 
excised, end-to-end repair was impossible. Before an iliac vein graft could 
be obtained, the patient’s condition became critical and operation had to be 
abandoned. This patient died five hours later. Bahnson and his co-workers‘ 
reported the case of a 17-year-old girl who had a long narrow stenosis in the 
mid-descending thoracic aorta. Because a graft was not available, resection 
was not feasible. Instead, a low dorsal sympathectomy was carried out with 
a resultant lowering of the brachial blood pressure. Beattie and his asso- 
ciates®> reported a 19-year-old woman in whom the narrowing was 6.5 em. 
long and was situated exactly where the lesion was in our patient. The long 
narrow segment was resected, and a 7 em., 23-day-old graft was implanted. 
The results were highly successful. Our surgical approach was identical and 
the end-result has been very satisfactory. Brock® resected a coarctation 
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located just above the diaphragm and restored continuity with a preserved 
aortic homograft. There was also a large aneurysm located proximal to the 
stenosis. Glenn and his associates’ had a patient with a long stenosis involv- 
ing the low thoracic and upper abdominal aorta. Because of its length and 
location, an ingenious auxiliary by-pass was effected by means of the splenic 
artery. 

Other reports of similar cases include those of Schlesinger,’ Hasler,* 
Sehleckat,? and Freeman and his co-workers.'° The latter visualized the lesion 
in a 14-year-old girl, but because of its length and location, they remarked that 
she had been spared an unnecessary exploration. Since a graft was not 
available, surgical correction would have been impossible. The value of 
preoperative visualization in planning surgery of such a lesion was further 
borne out in the unfortunate ease of Olim.? We do not advocate angiography 
in all typical cases of coarctation, but if there are any atypical findings, 
visualization should be performed. A suitable aortic graft* is always avail- 
able during all of our operations for coarctation. Such a precaution will 
prepare the surgeon for most eventualities, although in the ease of Glenn and 
his associates’ the lengthy stenosis in the region of the coeliac axis did not 
permit the use of a graft. 

The graft employed in our patient was removed twelve days previously 
under sterile conditions from a 30-year-old man who died from trauma. It 
was one of several used with satisfactory results after having been obtained 
a considerable time beyond the usual six-hour limit and preserved at 4° C. 
in Hank’s solution and 10 per cent serum. A discussion of the use of these 
grafts and proposed modifications of criteria governing acceptability of 
vessel grafts will be reported separately.’ ** 

The use of anticoagulant drugs with aortic grafts has been studied experi- 
mentally.’* *® A decrease in the number of occlusions by thrombosis in cer- 
tain aortic grafts implanted into the abdominal aorta of dogs was noted. 
We previously used heparin after implanting a graft in the thoracic aorta of 
a 17-year-old boy with coarctation, but have not done so in three other similar 
cases. In the patient being reported, heparin was used because of the location 
and length of the graft, and because of the calcific degeneration of the 
adjacent aorta. Also, a greater than usual amount of silk suture was present 
in the aortic lumen with the simple continuous anastomosis. The drug was 
begun six hours postoperatively, by which time the sealing thrombus should 
have formed at the suture lines. The hemothorax which occurred on the 
fourth day after operation presumably was not caused by heparin, since the 
bleeding was short lived, localized, and attended by chest pain. The type of 
pain suggested dissection through innervated aorta, and the fracture line 
previously noted at the site of the proximal clamp seemed the most likely 
site for the bleeding. Hemorrhage of almost fatal degree occurred from this 
same cause in another adult patient with aortic degeneration proximal to a 
coarctation. In that patient, a 5 mm. crack in the aortie arch was repaired 
during massive intra-aortic transfusion. So in this case, since the suture lines 


*From the New York Vessel Bank, supported by a grant from the New York Heart 
Association. : 
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were secure and the graft was in good condition, we must assume that the 
leak came from the fracture site. We plan angiography in the future to 
determine whether or not function of the graft has been altered and if any 
aneurysm has formed where the proximal clamp had been placed. 

Precordial pain or angina pectoris occurring in this patient was of some 
concern, since fatal myocardial infarction occurred six weeks after use of an 
aortic graft in a 45-year-old man with coarctation. He had had all the signs 
of advanced hypertension, with sclerosis of the proximal aorta. The fall in 
coronary perfusion pressure after removal of the coarctation may have been 
a major factor in the subsequent coronary occlusion. For this reason, we 
prescribed nitroglycerin for this young woman. Fortunately, she has had no 
recurrence of angina since the single attack four weeks after the operation. 

The cause of the coarctation is most intriguing. Analysis of other re- 
ported cases indicates that young women were affected in all but one.® The 
lesion was always an elongated narrowing with marked periaortic fibrosis. 
In one young girl, there had been a cerebral embolus or thrombosis five years 
before,’® and in our patient there was an obliteration of the left subelavian 
artery. At repeated examinations of our patient from September, 1948, 
through January, 1950, there were noted equal pressures in both arms, pulses 
in the legs and feet, and absence of hypertension. Despite negative history 
of infection or significant illness, and repeated normal sedimentation rate 
and white cell count, there may have been a localized aortitis. It is question- 
able whether the epigastric discomfort and certain other vague complaints 
referable to the left lower chest prior to the initial visit can be taken to 
indicate that the active process had already occurred. At the patient’s visit 
in October, 1951, hypertension in the right arm, diminished pulsation and 
pressure in the left arm, and an absence of pulses in the legs were noted for 
the first time. We suggest that the coarctation was an acquired condition, 
and wonder if all those reported distal to the usual position might not have 
been acquired also. Hasler® held the same opinion, concluding that this lesion 
results from a localized inflammation and a stenosing organized thrombus. 
The rare occurrence of similar lesions of the aorta below the diaphragm, also 
without a basis related to embrylogic development, support this theory. 

The specimen in our case revealed a thickening of the wall in the area of 
narrowing, and there was also a valvelike localized stenosis in the mid-portion. 
The pleura overlying the adventitia was slightly thickened and very adherent, 
as is noted following pleural inflammation. The microscopic picture of a 
thickened intimal zone, areas of degeneration in the elastic framework of the 
media, and thickening of the adventitia, with hyaline collagenous fibers and 
accumulations of round cells about the vessels, have been noted occasionally 
in the congenital type, however. 

The concept of an acquired coarctation is presented in the hope that 
future cases may be investigated from this viewpoint. In the cases reported 
so far, the previous medical history was insufficient to determine the exact 
time of onset of signs of coarctation, although a late onset is suggested in the 
ease of Glenn.’ 





DETERLING: RESECTION OF ACQUIRED COARCTATION 


SUMMARY 


The case of a 23-year-old girl with a long coarctation of the low thoracie 
aorta is presented. A 9 cm. segment was excised and replaced by an 8 em. 
preserved aortic homograft. An obliterated left subclavian artery was also 
found. A left hemothorax occurring on the fourth postoperative day was 
believed to be due to a leak from an aortic fracture caused by the proximal 
aortic clamp. The end result was quite satisfactory with complete resolution 
of the hemothorax, and normal brachial blood pressure and blood flow to 
distal extremities. The character and site of the lesion, as well as the medical 
history, support the theory that she had an acquired coarctation. 


The author acknowledges the assistance of Dr. Joseph Ford, Dr. F. F. MeAllister, 
Dr. G. H. Humphreys, and Dr. Raffaele Lattes in the documentation of this case. 
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THE SURGICAL CLOSURE OF INTERAURICULAR SEPTAL DEFECTS 
VIKING OLoy ByérK, M.D., AND CLARENCE CRAFoorD, M.D. 
STOCKHOLM, SWEDEN 


IL many different surgical procedures that have been described for the 

correction of interatrial septal defects indicates that so far none is entirely 
satisfactory. 

In this communication the principles for closure of interauricular septal 
defects will be discussed and a new method presented. 


EARLIER TECHNIQUES 
al. Blind Methods.— 

1. In 1948 Murray published an article describing a method of passing su- 
tures through the heart in the line of the interauricular septum beginning at 
the site of the transverse sinus behind the aorta and coming out posteriorly be- 
tween the superior vena cava and the right pulmonary veins. With two, three, 
or four sutures placed through the heart in this way, pulled taut, tied to- 
gether posteriorly, and then tied anteriorly Murray was able to compress the 
anterior wall to the posterior wall of the auricle in such a way as completely 
to occlude the experimentally produced defects in dogs. Using this method 
on a 12-year-old patient two sutures were placed and tied down which firmly 
compressed the anterior and posterior walls of the auricles. The right auricle 
diminished to at least one-half of its size within about two minutes. With this 
method there is a great danger of obstructing the superior vena cava or the 
right superior pulmonary vein. Furthermore a large defect or one close to 
the valvular plane cannot be completely occluded by the described method. 
Cardiae catheterization performed fourteen months postoperatively on this 
patient showed a substantial left-to-right shunt and significant right heart 
hypertension. 

2. Swan and his associates in 1948 described a method by which both au- 
ricular appendages were invaginated and their tips firmly fastened together 
through the septal defect which was plugged by this maneuver. Large de- 
fects close to the valvular area cannot be occluded in this way, and an obstrue- 
tion of the pulmonary veins may occur. 

3. Sondergaard (1952) deseribed the following method: A dissection was 
first carried out in the interauricular septal plane beginning between the su- 
perior vena cava and the right superior pulmonary veins, continuing downward 
between the inferior vena cava and the right inferior pulmonary vein. This 
dissection was carried between the left and right auricular wall until the point 
was reached where the muscle fibers crossed over from the right to the left 
auricle. When this groove between right and left auricle has heen dissected, 
one suture is anchored in the right auricular wall at the base of the aorta just 
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behind the origin of the right coronary artery. This suture is tied and taken 
out into the above-mentioned groove behind the dissected superior vena cava. 
Then another suture is anchored behind the inferior vena cava in the annulus 
fibrosis, tied, and carried out in the dissected groove. Then the two sutures 
can be tied together over a piece of fibrin foam in the dissected groove between 
the right and left auricle. As the sutures are drawn taut the interauricular 
defect is occluded without obstruction of pulmonary veins and venae cavae. 
Autopsy specimens from dogs (Séndergaard) clearly demonstrated the effect- 
iveness of the method in experimental animals. Husfeldt and Séndergaard 
(1952) successfully applied the method on human beings. 


The important feature of this method is the dissection between the left 
and right auricle beginning between the pulmonary veins and the vena cava. 
This will exclude an obstruction of pulmonary veins and vena cava. How- 
ever, in patients with a very large atrial defect which is directly in continuity 
with the bicuspid and the tricuspid valves a complete closure of a septal open- 
ing cannot be obtained. 


4. These experimental methods were only used in dogs. Cohn, 1947, de- 
scribed a technique used on dogs in which the right auricular wall was pushed 
in to plug a septal opening and the inverted wall was sutured to the septum 
around the defect. The sutured part of the auricular wall was cut off by a 
wire snare and allowed to remain as a free patch over the defect. The hole in 


the auricular wall was closed by a running silk suture placed heforehand. 

5. During 1948 Martin and Essex experimenting on dogs, introduced a 
sheet of polythene covered with an inverted segment of vein into the right 
atrium over the defect. Three silk sutures with straight needles attached to 
the graft were brought out of the right auricle at points in the plane of the 
atrial septum. 

6. In 1949 Dodrill described a clamp by which the atrial walls could be 
approximated against the septum. Through the ring in the clamp the right 
auricular wall could be opened and a small defect sutured. 

These experimental methods worked out on dogs are limited by the fact 
that the atrial septal defects of a size to produce symptoms in man eannot be 
obtained in the experimental animal. Thus these methods are not applicable 
to patients, other than those with small defects. 


B. Closed Intracardiac Tactile Methods.— 


1. Bailey and his co-workers in 1952 introduced an intra-auricular tactile 
method for closure of the septal defect. A finger is inserted through the au- 
ricular appendage to guide the placement of sutures through the right atrial 
wall and the margin of the defect and again out through the atrial wall. Thus 
the lateral right auricular wall is attached to the septum at the periphery of 
the defect, plugging the hole. Six cases are reported, four with a successful 
outcome. However, a large defect without a septal rim and in continuity with 
the bicuspid and tricuspid valves cannot be treated by this method for obstruc- 
tion of the vena cava or tricuspid valves may result. 
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2. In 1952 Gross and his fellow workers published a report of an ingenious 
method using an atrial well. They attached temporarily a cone-shaped rubber 
bag to the right auricular wall so that the auricle could be opened and blood 
allowed to rise up into the rubber “well.” Through this column of blood it 
was possible to pass a finger down into the auricle, to find the septal opening 
and to close it either by direct suture or by the onlay of a piece of flat sub- 
stance such as fascia, pericardium, or plastic. Six cases were reported, two 
with a successful outcome. This method contains a new principle for intra- 
auricular tactile surgery. It may be used in combination with any type of 
closure of the defect, even if the defect is a very large one. 

3. During 1952 Swan reported successful results with a modified method. 
With a finger placed in the right auricle, a ligature probe is passed from the 
left auricular appendage through the septum at the edge of the defect out on 
the right side along the finger, and a thread is pulled through. This is re- 
peated at the other edge of the defect. The threads are tied to a plastic but- 
ton which is pushed into the right auricle as the sutures are pulled up taut. 
The button lies in the right auricle over the defect. When the sutures are 
tied over another button, the left auricule is inverted against the first button 
in the defect. It is suspected that this method would be difficult to apply in cases 
with large defects where no septal rim remains. 

4. Hufnagel and Gillespie (1951) devised a method by which two plastic 
buttons, one on each side of the septum, were screwed together. It was essen- 
tial to have a complete rim to hold the double button in place. Gross, with his 
associates, has clearly shown that this method is not safe in human beings (ap- 
plied in three eases, all of the patients died), who are too likely to have in- 
complete rims around the opening and thus not sufficient substance to hold the 
buttons in place securely. 


C. Open Method on Bloodless Heart.— 

In 1951 Dennis and his co-workers used a pump oxygenator on a 6-year-old 
girl. For forty minutes the right auricle was open and a septal defect was closed 
under direct vision with interrupted sutures. The patient died. This method 
may be further developed, perhaps in combination with hypothermia, to provide 
safe intracardiae surgery under direct vision. 


THE METHOD WE HAVE USED 


The technique described by Soéndergaard was applied during an opera- 
tion on a 6-year-old girl with complete absence of the interauricular septum, 
a huge right auricle, and pulmonary hypertension (pulmonary artery pressure 
73/40, mean 50 mm. Hg). As the two sutures were drawn taut the heart beat 
became weak and irregular. In order to find the reason for this reaction of 
the heart, a finger was introduced through the right auricular appendage. A 
complicating mitral stenosis (Lutembacher syndrome) not diagnosed before- 
hand was palpated. A digital dilatation of the mitral valve was easily per- 
formed from the right auricle. Palpation further revealed that only a small 
rim of septum remained in the superior portion of the auricles. No other rem- 
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nants of an interauricular septum remained, and there was a communicating 
defect of the upper portion of the interventricular septum as well (verified at 
post-mortem examination). 

When the sutures were drawn taut the hole between the auricles became 
smaller but a large communication still remained. The child died in connec- 
tion with the operation. 

This operation made the following points clear : 

1. It is necessary to have a finger in the auricle (a) to exelude mitral 
stenosis or make a valvulotomy, (b) to exclude abnormal venous return, (¢) to 
guide the needle, and (d) to ascertain an effective closure of the interauricular 
septal defect. 

2. The Sondergaard method is not effective in cases when the interauricu- 
lar communication is very large and when the defect is situated close to the 
valvular plane or combined with a high interventricular defect (atrioventricu- 
laris communis). 
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_ Fig. 1—Diagram of the heart in a patient with a large interauricular septal defect in 
continuity with the bicuspid and the tricuspid valves. 


Fig. 2.—Diagram of the dissection between the right and left auricular wall which is 
continued until the muscle bundles from the two auricles cross from one side over to the 
other as a network (according to Séndergaard). 


On an autopsy specimen the following method was worked out: 


A. The pericardium is opened in front of the right phrenic nerve. The 
superior and inferior vena cava are dissected free at their entrance in the right 
auricle. Then a dissection between the superior vena cava and the superior 
pulmonary vein is performed. This dissection is continued down between the 
right and left auricular wall until the muscle bundles from the two auricles 
cross over from one to the other as a network (Figs. 1 and 2). The dissection 
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is continued down between the inferior vena cava and the left auricle. This 
dissection is the one originally described by Séndergaard in 1952. However, 
in cases with a large septal defect without a septal rim the dissection that can 
be carried out between the inferior vena cava and the pulmonary veins is 
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Fig. 3.—The needle is introduced through the right auricular wall at the right side of 
the root of the aorta behind the right coronary artery. The needle is then guided throu h 
the upper portion of the interventricular septum over to the left side and out through the 
left auricular wall behind the infericr vena cava. 

Fig. 4.—Diagram_showing where the needle is introduced and taken out and where the 
suture is tied in the dissected groove between left and right auricle. 
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negligible and therefore abandoned until palpation from the inside of the 
auricle has been carried out. (In experimental animals with intact septum a 
considerable groove may be dissected between the inferior vena cava and the 
left auricle.) 

The dissection between the superior vena cava and the pulmonary veins 
on the other hand is important in order to avoid an obstruction of these ves- 
sels when the suture is tied. 
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Fig. 5.—The suture is drawn taut and tied. 
Fig. 6.—The septal area between the venae cavae and the right pulmonary veins has 
then been encircled and anchored down to the interventricular septum. 
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B. With the finger inserted through the right auricular appendage a long, 
thin, curved needle is introduced through the right auricular wall at the right 
side of the root of the aorta behind the right coronary artery (Fig. 3). The 
needle should follow the aorta as close as possible subendoeardially. It must 
not enter the aorta and injure the posterior semilunar valve. Under digital 
guidance the needle should be directed subendoeardially (in the rim of septum 
if one remains) down through the upper portion of the interventricular sep- 
tum between the mitral and tricuspid valves and out through the auricular 
wall behind the inferior vena eava (Fig. 4). It may be impossible to predict 
if the needle will come out through the left or right auricular wall as a septum 
may be absent, but the palpating finger can direct the needle out behind the 
inferior vena cava in such a way that neither inferior vena cava nor the cor- 
onary sinus will be obstructed when the suture is tied. The two ends of the 
thread are then drawn taut over a piece of fibrin foam in the groove dissected 
between the superior vena cava and the right pulmonary veins (Fig. 5). With 
the finger inside the right auricle it can easily be determined how the septal 
defect diminishes concentrically until an effective closure is obtained. Then 
the suture is tied (Fig. 6). The septal area between the vena cava and the 
right pulmonary veins has then been encircled and anchored down to the inter- 
ventricular septum excluding an interauricular communication. 

Indications.—This method seems to be applicable in all different types and 
sizes of uncomplicated atrial septal communieations of clinical importance. 

It can also be applied in cases complicated with mitral stenosis and with 
an atrioventricularis communis. 

Experimental Work.—In the experimental animal the anatomic and patho- 
physiologic changes encountered in large septal defects cannot be produced. 
Thus the experimental work is only of a limited value: 

1. Applying the atrial well, described by Gross, we have produced inter- 
auricular septal defects and closed them in the above-mentioned manner for 
training purposes. 

2. When the atrial well is sutured in place and the interauricular defect 
is produced, we have passed needles through the interventricular septum without 
heart irregularities or ECG changes. The anterior part of the interventricular 
septum may even be crushed between clamps without irregularities. If the 
posterior part of the upper portion of the interventricular septum (ineluding 
the bundle of His) is erushed, irregularities are encountered. The bundle of 
His comes from the right auricle over on the right side of the posterior povtion 
of the interventricular septum. It is therefore advisable to guide the needle 
over on the left side when it is passing through the posterior portion of the 
interventricular septum and take it out through the left auricular wall behind 
the inferior vena cava as close to the atrioventricular border and the inter- 
ventricular septal plane as possible. 


CASE REPORT 


A 6-year-old boy could not play as other children. He had never been cyanotic. 
Physical examination revealed a short harsh loud systolie murmur with maximum inten- 





BJORK AND CRAFOORD: CLOSURE OF INTERAURICULAR SEPTAL DEFECTS 307 


sity over third and fourth interspace. The second sound was divided. X-ray examination 
showed enlarged right ventricle and pulmonary artery. Heart catheterization (B. Jons- 
son) showed a large left-to-right auricular shunt (oxygen saturation in superior vena cava 
58 per cent, inferior vena cava 67 per cent, right auricle 84 per cent, left auricle 97 per 
cent, right ventricle 85 per cent, and pulmonary artery 85 per cent) and a slightly in- 
creased pressure in the right ventricle (48/11, mean 24 mm. Hg) and the pulmonary artery 
(35/9, mean 18 mm. Hg). 

Angiocardiography (Kjellberg) demonstrated an interauricular septal defect close to 
the valvular plane. 

March 20, 1953, the right chest was opened through the bed of the sixth rib. The 
pericardium was opened in front of the phrenic nerve. The dissection between the supe- 
rior vena cava and the superior pulmonary vein was continued until a considerable groove 
had been developed. At the bottom of the groove behind the superior vena cava a small 
arterial branch was divided and sutured. A finger was now inserted through the auricular 
appendage. Palpation revealed that only a small rim of septum remained at its superior 
margin. A needle was introduced to the right of the base of the aorta and guided sub- 
endocardially through the superior portion of the interventricular septum and out behind 
the inferior vena cava through the left auricular wall close to the interventricular plane. 
The suture was then drawn taut and tied over fibrin foam in the dissected groove. The 
septal defect had diminished in size from about 3 or 4 em. in diameter to an oval opening 
with a maximum diameter of 0.5 em. No obstruction of the vena cava and coronary sinus 
could be palpated. No heart irregularity was encountered. ‘The postoperative course was 
uneventful and the systolic murmur had disappeared. 


SUMMARY 

A review is given of earlier techniques for the closure of interauricular 
septal defects. 

A new method is presented the main features of which are: 

1. A groove between the superior vena cava and the pulmonary veins is 
dissected (according to Séndergaard). 

2. With a finger inserted in the auricle through the right auricular ap- 
pendage a needle is guided subendoeardially in the septal plane. It is intro- 
duced through the right auricular wall close to the root of the aorta just be- 
hind the right coronary artery. The needle follows the aorta down and 
through the upper portion of the interventricular septum. Through the pos- 
terior portion of the interventricular septum the needle should come over 
more to the left side and then come out through the left aurieular wall be- 
hind the inferior vena cava, close to the annulus fibrosus. The two ends of 
the silk suture thus drawn through are tied in the dissected groove. 

This method seems to be applicable even in eases with a very large inter- 
auricular septal defect without a septal rim. The application of the method 
on a patient with a large septal defect is reported. 


ADDENDUM 


Since this article was accepted two more patients have been operated on in the same 
manner with very good results. 
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THORACOABDOMINAL ECTOPIA CORDIS 
Report OF A CASE SUCCESSFULLY TREATED BY SURGERY 


JAMES W. Magsor, M.D. 
WILLIMANTIC, CONN. 


CTOPIA cordis is a congenital anomaly in which the heart lies partially or 

totally outside the mediastinum. According to the literature, it is one of the 
rarest of anomalies. To date 142 cases have been reported. Weese, in 1818, 
classified ectopia cordis in three groups: cervical, thoracic, and abdominal. 
Byron! has added a fourth category, thoracoabdominal. 

This paper attempts to summarize the latter group and reports in detail 
one ease successfully treated by surgery. Also, brief mention will be made of 
four additional cases of this type of anomaly which have not yet been re- 
ported,?> but which were surgically treated. 

Table I is a summary of the known eases of ectopia cordis. None of the 
cervical group has been treated surgically, but at least one patient® survived 
to adulthood with the heart apparent in the left upper thorax and neck. In 
the thoracic group, three patients underwent some type of surgery without 
success.’ “8 One patient with an abdominal defect died after surgery,® al- 
though in this group there have been survivals to adulthood. In the thoraco- 
abdominal group, at least five cases have been treated surgically, two with 
apparent success.° In at least one other case of this latter group,’° there is a 
possibility that had surgery been carried out at birth, the outcome might have 
been different. This belief will be enlarged upon when the ease is quoted. 

In thoracoabdominal ectopia cordis, three distinct defects of development 
are present in almost all cases: (1) partial absence of, or cleft of, the sternum, 
(2) diaphragmatic defect, (3) midline abdominal defect of diastasis recti or 
omphalocele type. The heart is partially displaced into the defect and may 
have complete, incomplete, or no pericardium. Depending upon the size of 
the herniation, abdominal viscera are also found in the protrusion. Other 
anomalies, such as harelip, cleft palate, cardiac and great vessel anomalies, 
anencephaly, clubfoot, ete., may be present and may influence the survival of 
the infant. 

Embroyologically, both heart and diaphragm arise in the cervical region, 
and descend during the fifth to the tenth week of gestation. The defects 
leading to the ectopia are apparent as early as the sixth or seventh week of 
development. They probably represent inherent abnormalities in the germ 
plasm with no relationship to the health of the mother or father, duration and 
complications of pregnancy or delivery. One can only speculate on the mecha- 
nism by which this disarrangement is produced. 

The sternal defect apparently occurs because of the failure of the rib 
ends to fuse properly. The defect may range from complete lack of the sternum 
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TABLE I, DISTRIBUTION BY SITE OF DEFECT 
SITE NUMBER 
Thoracic 81 
Abdominal 38 
Combined thoracoabdominal 











Cervical 
Unelassified 
Total 











to the simple absence of the ensiform process. The diaphragmatic defect con- 
sists of a V-shaped aperture in the anterior diaphragm; the top of the “V” is 
defined by attachment to the edges of the sternal defect and the base by at- 
tachment to the vertebrae. The abdominal defect is midline, and varies from 
simple diastasis recti to complete omphalocele; it may be only epigastric or 
it may extend from the sternal defect to, or include, the umbilicus. In some 
instances it is completely covered by skin, while in others the main portion 
of the abnormality is covered only by a transparent membrane which is gelat- 
inous in appearance, and probably represents pericardium, peritoneum, 
omphalic tissue, or a combination of these. 

In the majority of cases reported, there have been patent interventricular 
or interauricular septal defects, and in some there have been other defects 
such as the tetralogy of Fallot, trilocular and bilocular hearts, pulmonie steno- 
sis, abnormalities of the vena cava, and aortic anomalies. 

The problem, therefore, is to correct any deformity which is incompatible 
with life. First, it is necessary to obtain a suitable skin covering for the heart 
and abdominal viscera, and second, these viscera, particularly the heart, must 
be placed so that their function will maintain life. It is believed that, in the 
case previously mentioned in which surgery might have been done, the growth 
of the child may have caused constriction of the heart by the diaphragm, in- 
dieating that perhaps not only the immediate but future action of this organ 
must be considered in any attempt at repair. 

A summary of all known eases of thoracoabdominal ectopia cordis follows: 


CASE REPORTS 

CASE 1.—Willius!1 quoted an article written by Nie!s Stensen about 1680 which 
described a monster. ‘‘The lower part of the sternum consisted of cartilage and was 
connected with the rest of the sternum merely by a narrow union, As far as that goes, 
the sternum was split, and the heart, liver, spleen, most of the intestines and the right 
kidney had passed out through the slit, being thus uncovered. The lungs were in the 
thorax.’’ 

CASE 2.—Greig!2 cited O’Connor’s 1861 report of a newborn infant in whom ‘‘there 
was deficiency of the abdominal wall and the protruding peritoneum was adherent to the 
placenta, the umbilical cord being only 4 inches in length. The distal part of the body 
of the sternum and the corresponding costal cartilages were deficient, and the heart was 
quite visible lying anterior to the chest wall. The child made no attempt at respiration, but 
the heart beat with considerable force. The heart-beats diminished in strength during a 
quarter of an hour; O’Connor then opened the pericardium and the heart-beats became 
stronger until they gradually ceased two and a half hours after delivery.’’ 
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CAsE 3.—Greigi2 quoted Breschet who described ‘‘an anencephalic foetus, cleft from 
the xiphoid to the umbilicus; the hernial sac contained abdominal and thoracic viscera. 
Into the upper part of this split projected the heart in its membranes, the horns of the 
thymus and the extremity of the inferior lobe of the left lung, the diaphragm being split 
behind the xiphoid process.’’ 


Case 4.—Greig12 included this ease report also. “In the seventh month foetus described 
by Pinelli, the heart without pericardium lay in the epigastrium where it and the abdominal 
viscera were only covered by peritoneum. The sternum, mediastinum and left lung were 
absent.” 


Case 5.—Greigi2 wrote ‘‘of Fleischmann who, in 1810, described a foetus in whom 
the sternum was so short that only the first ribs reached it. A prominent sae reached to 
the hypogastrium and contained in its upper part the heart which had passed through an 
opening in the diaphragm and outside the pericardium and appeared to be covered only 
by peritoneum. ’’ 


CASE 6.—This case was also mentioned by Greig.12 ‘‘The heart of a premature female 
foetus .. . as mentioned by Sandifort, had passed through the diaphragm and rested in 
a hollow in the liver surface and the assumption of the same position is recorded by 
Wilson. This child was born at full term and died seven days later of septic inflammation 
due to sloughing of a membranous sac which protruded from the abdomen between the 
xiphoid process and the umbilicus. The child was of normal colour though at birth and for a 
short period before its death the lips occasionally had something of a livid appearance. 
During life the sae referred to contained a mobile tumour which on autopsy was found to 
be the heart. It was in the epigastric region and lay ‘in a cavity formed on the superior 
surface of the liver’ which was not divided by the falciform ligament but was hollowed 
out there to receive the heart. The tendinous portion of the diaphragm and the corre- 
sponding part of the pericardium were absent. ... The heart was two chambered. A 
large arterial trunk arose from the ventricle and divided into aorta and pulmonary artery.’’ 


Case 7.—Greig!2 also referred to the following case. ‘‘There was no deficiency of 
the sternum or of the chest wall in the male aged 5 months in whom an umbilical hernia 
noticed at birth was found to contain a hard pulsating body. Holt states that the child 
was above average weight, but had some cyanosis during the first week of life. The 
recti muscles were widely separated above the umbilicus, and at the center of the protru- 
sion a circular two-inch area was covered only by membrane at the lower edge of which 
was the umbilicus. A finger could be passed under the heart and its apex raised. A loud 
systolic murmur heard all over the heart but most distinctly at the left of the xiphoid, 
probably indicated along with the cyanosis a congenital septal defect.’’ 


CasE 8.—Gre'g!2 mentioned, ‘‘ Much the same condition [as in Case 7] obtained in a full- 
term child who only survived birth fifty-one hours, but the case is not very fully reported by 
Wintsch.’’ 

Case 9.—H.Imes!° described an infant born at term in which ‘‘a pulsating mass was 
noted in the epigastrium,. This was raw and bright red. Soon after birth a seab formed, 
which came off and was replaced by another smaller scab at each dressing. After four 
weeks'the mass became covered with skin. 'Cyanosis was not observed in the infant. She 
developed normally. ... At 1444 months... developed empyema and died.’’ At autopsy 
‘‘The sternum measures 6 em. in length. There is no xiphoid process present. The costal 
angles and the curves of the costal margins are quite normal, Beginning at the lower 
end of the sternum and extending toward the umbilicus is a hernia-like swelling, 5 em. 
in length and about 3 em. wide. Within the swelling is felt a pear-shaped mass of firm 
consistency. The mass is somewhat movable, is rounded laterally, bluntly pointed at the 
lower end and becomes constricted at the upper end as it passes under the costal margins and 
lower end of the sternum. ... There is a normally placed pulmonary artery and aorta, and 
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a right and left ventricle. What appears to be the anterior coronary artery passes almost 
straight downward in front. To the right of this lies a somewhat globular mass, resembling 
a rounded and hypertrophied right ventricle; to the left, a prolongation of this muscular 
mass extends downward and becomes continuous with the extra-thoracic tumor mass 
that has already been described. The whole forms an irregularly shaped heart, the extra- 
thoracic tumor representing the bulk of the left ventricle. 

‘‘The displaced portion of the heart lies, as is seen, below the rounded muscular 
mass that represents the right ventricle, and to the left of it. At the normal position of 
the apex there is a constriction in the muscular mass. This was perceptible to the pal- 
pating finger before section; below this the mass expands to form the extra-thoracic 


tumor... . 


Detect 
Pee 


Fig. 1.—Photograph of infant described by Kiihnel in Case 10. (From Kiihnel: Acta obst. et 
gynec. Scandinav. 20: 128-137, 1940.) 


‘*Examination of the diaphragm, as a whole, shows that it is normally placed, normal 
in its contour and normal in its attachments, except that, symmetrically on the two sides, 
it leaves the costal margin near the median line and, curving downward, finds its attach- 
ment in the fascia of the abdominal wall, as low as 5 em. below the level of the costal 
angle.... 

‘*In considering the character of the circulation in the heart just described, certain 
facts seem to be of especial importance. Among these are the following: 

‘‘The left ventricle is relatively small, and to a considerable degree is detached from 
the main body of the heart. The mitral orifice is small, so small as to suggest that it 
played a less than normal part in the transmission of blood from the left auricle (pul- 
monary circulation) to the systemic circulation. The walls of the left auricle are not 
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especially hypertrophied. There are features about the septum and appearance of the 
foramen ovale that may indicate that the foramen served for the passage of blood from the 
left to the right auricle. The right auricle and right ventricle and the passage between 
them are relatively very large. Finally, the defect in the interventricular septum is so 
placed that during systole of the ventricles blood from the right ventricle would appear 
to pass with about equal facility into the conus arteriosus (infundibulum) or into the aortic 
vestibule. It is into the latter, and not into the displaced left ventricle cavity, that the 
septal foramen opens. In the aortic vestibule, blood coming from the right auricle through 
the interventricular septal foramen would meet and mingle with blood from the left 
auricle, by way of the mitral orifice, coming under similar pressure from the left ventricle. 
Thus the deficiency in size of the left ventricle would be compensated for by the assistance 
of the right ventricle.’’ 


This is the case previously mentioned in which the possibility of constric- 
tion of the left ventricle by the diaphragm, or some part of the hernial ring, 
seems to have so embarrassed the circulation that at best the child was handi- 
capped, possibly enough to lead to intercurrent infection and death. This leads 
to the speculation that had the difficulty been correctible and corrected, would the 
child have had a greater chance of survival ? 


- 


Fig. 2.—Infant reported by Ehrenhaft (Case 11). 


Case 10.—Kiihnel!3 cites a case in which ‘‘from the anterior surface of the heart a 
very thin cord is seen to extend down to the amniotic membrane of the umbilical cord; on 
microscopic examination this cord is found to consist of amniotic tissue. 

‘“¢The slit itself is a combined abdomino-thoracic defect, the abdominal part of which 
is rather wide (measuring 5-6 cm. in width), but not open, being covered by a very thin 
membrane, which is found microscopically to be made up of two leaves, an inner peritoneal 
leaf and an outer amniotic membrane. The skin ceases on both sides of the distal angle of 
the defect, defined sharply by a low wall on each side. . . . Only the upper three ribs are con- 
nected to the sternum, while the rest are converging toward the margin of the skin, where 
they end freely.’’ The heart was covered with warm saline sponges but the child died with 
cyanosis twenty-six hours after birth. 


Case 11.—Ehrenhaft2 operated upon a 38-hour-old white female infant on June 27, 
1951, who at birth showed ‘‘a large dehiscence of the upper mid-abdominal wall from the 
umbilicus up to the area of the lower sternum. There was a dehiscence of the musculature 
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and intestines as well as liver in the lower portion and heart in the upper portion... 
covered only by a very thin membrane. . .. During the dissection it became evident that 
the heart where it came through a rent where the diaphragm had failed to fuse with the 
anterior chest wall... presented mostly ventricle ...’’ To gain more room the surgeon 
resected some of the costal margins and lower sternum, but none of the procedures were 
successful, The child survived the operative procedure but died about forty-five minutes 
later. Permission for post-mortem examination was obtained. It was discovered that the 
child had a tri-chamber heart with a single ventricle. Obviously this was not compatible 
with any length of survival. 


CasE 12.—Dr. Murray L. Johnson’ repaired a case of thoracoabdominal ectopia cordis 
in 1950; the child survived twenty-four days. This case is to be reported in detail by Dr. 
Johnson in the near future. 


CASE 13.—Dr. Harris B. Schumacher‘ also attempted the repair of a case of this 
group in 1948, but the child did not survive the procedure. In this case, as in Hofman’s, 
there was a constriction about the ventricles, as Dr. Schumacher will show when he reports 


the ease. 
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Fig. 3.—Baby M. A. K. at birth. 


CasE 14.—This child, M. A. K., was delivered routinely on Oct. 2, 1951, and weighed 
8 pounds, 14 ounces. She breathed and cried readily, and was quite vigorous. However, 
there was mild cyanosis and a defect of the anterior abdominal wall and thoracic cage. 
Normal skin extended from the circumference up onto the defect for approximately 1 em. 
The intervening space, which was about 5 em. wide and 8 em. long, was covered only by a 
thin, translucent membrane, presumably peritoneum and pericardium. The upper one-third 
of the defect was occupied by a pulsating mass. At the time of operation, it was estimated 
that about one-third of the heart protruded above the level of the thoracic cage. The 


’ 


heart sounds were normal, Immediate surgery was decided upon. 
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Under drop ether anesthesia an incision was made in a complete circle just outside 
the skin margin and dissection was carried down to the abdominal fascia and onto the rib 
and sternal fascia; care was taken to preserve intact the peritoneum and associated mem- 
branes. When the fascia had been cleaned and adequately exposed, attention was turned 
to the urachus and hypogastric vessels, which were dissected free and tied off. Extending 
from the pulsating mass in the upper portion of the defect, was what appeared to be a 
large pulsating vessel about 1 em. in diameter. At first this was thought to represent the 
umbilical vein. However, the liver, which was prominent beneath this, was then visualized 
through an opening in the peritoneum and the umbilical vein located to the right. This 
was tied off and transected. Following this, the liver could be pressed into the abdominal 
cavity, and obviously there was no connection between it and the heart with its pulsating 
extension. This extension appeared to fuse with the central portion of the previously 


Fig. 4.—Baby M. A. EK. at the age of one month. 


described membrane, and although now thought to be some anomaly of the inferior vena 
cava, it led only into the peritoneal covering. It was dissected free and tied off without ill 
effect. When transected it was found to be only a serous membrane, and therefore was 
only an extension of the parietal pericardium. The heart could be placed into the defect 
and flush with the anterior body wall. When this was done a V-shaped defect in the dia- 
phragm was seen at the lateral edges of which were the lower margins of each lung, cov- 
ered by pleura. When, by lateral pressure, the defect was closed, the heart rested in the 
diaphragmatic defect, and the liver rested beneath it. The child stood this maneuver 
satisfactorily. Therefore, excess peritoneum was removed, and with the assistant main- 
taining bilateral pressure, the peritoneum and fascia were closed with interrupted sutures 
of 0000 cotton. In the upper portion between the ribs, and at the level of the sternal 
defect, a fascial covering could not be made, and only the skin was closed. The assistant’s 
pressure was maintained while a dressing was applied, which completely encircled the 
patient with strips of adhesive tape. The child was slightly cyanotic, but respiratory and 
cardiac action were strong, and she was returned to the nursery where oxygen was given 
for three days, Subsequent development has been entirely normal. Electrocardiograms 
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and chest x-rays were within normal limits, and no other anomalies have manifested them- 
selves. The child is now one year old, weighs 24 pounds, and is normal for this age. The 
pulsations of the heart have continued to be visible beneath the skin and palpable in the 
region of the sternal defect and epigastrium. The defect seems proportionately smaller 
than it was at one month of age. 


Fig. 5.—Baby M. A. K. shown at the age of one year. 


CasE 15.—Since the writing of this paper it has been learned that Dr. Mark Ravitch5 
has had a successful repair of this anomaly in a 20-year-old patient, and will report the 
case. (This case has been added to Table I by the courtesy of Dr. Ravitch.) 


SUMMARY 


A brief summary of the literature on ectopia cordis has been given, with 
clinical briefs of all known eases of the thoracoabdominal type. <A detailed 
account is given of one such case which has been successfully treated by surgery. 
The patient is now alive and well at the age of 12 months. 


REFERENCES 


1. Byron, Francis: Ectopia Cordis, J. THORACIC SuRG. 17: 717-722, 1948. 
2, Ehrenhaft, J. H., M.D.: Personal communication, 





MAJOR: THORACOABDOMINAL ECTOPIA CORDIS 


. Johnson, M. L., M.D.: Personal communication. 
. Schumacher, H. B., M.D.: Personal communication. 
Ravitch, M. H., M.D.: Personal communication. 
. Laliberte, J. H.: Cardiac Ectopia, Bull. Med. Quebec 20: 241, 1918-19. 
. Cutler, G. D., and Wilens, G.: Ectopia Cordis. Report of a Case, Am. J. Dis. Child. 30: 
76-81, 1925. 
. Bloch, S.: A Case of Ectopia Cordis Pectoralis: Zentralbl. f. Gynak. 51: 625-626, 1927. 
. Hofmann, E.: Thoracie Cleft Formations; Ectopia Cordis Abdominalis and Hernia 
Diaphragmatica Sinestra, Monatschr. f. Kinderh, 76: 40-50, 1938. 
Holmes, James B.: Ectopia Cordis, With Report of a Case in a Fifteen-Month-Old 
Infant, Bull. Johns Hopkins Hosp. 18: 287, 1919. 
Willius, F. A.: An Unusually Early Description of the So-Called Tetralogy of Fallot, 
Proc. Staff Meet., Mayo Clinic 23: 316-320, 1948. 
12.Greig, D. M.: Cleft Sternum and Ectopia Cordis, Edinburgh M. J. 33: 480, 1926. 
13. Kiihnel, P.: Ectopia Cordis in a Living Child Born at Term, Acta obst. et gynec. 
Scandinav. 20: 128-137, 1940. 
14, Blatt, M. L., and Zeldes, M.: Ectopia Cordis: Report of a Case and Review of the 
Literature, Am. J. Dis, Child. 63: 515-529, 1942. 
. Roth, F.: Morphology and Pathogenesis of Ectopia Cordis Congenita, Frankfurt 
Ztschr. f. Path. 53: 60-100, 1939. 
. Puddu, V., and Cammarella, C.: Extrathoracic Ectopic Heart with Electrocardio- 
graphic Study of Progression of Wave of Excitation, Arch, mal. coeur 31: 861-872, 
1938. 
. George, J. P.: Ectopia Cordis, Canad. M. A. J. 53: 167-168, 1945. 
. Lintgen, C.: Case of Ectopia Cordis, Am. J. Obst. & Gynec. 25: 449-459, 1933. 
. Barlow, R. N.: Ectopia Cordis Cum Sterni Fissura Case, J. Pediat. 12: 58-65, 1938. 
. Stephan: Congenital Extrathoracic Ectopia: Case Report, Arch. f. Gynik. 173: 168, 
1942. 
21. Burton, J. F.: Method of Correction of Ectopia Cordis, Arch. Surg. 54: 79-84, 1947. 
2. Kellett, C. E.: Ectopia Cordis cum Sterni Fissura, Arch. Dis. Childhood 11: 205-214, 
1938. 
. Ladenyl, Von Julius: Ectopia Cordis Thoracica and Theories of Its Origin, Anat. Anz., 
1935. (German translation.) 
. Pfaundler, M., and Schlossman, A.: Diseases of Children, Philadelphia, 1912, J. B. 
Lippincott Company. (English translation by Shaw and La Fetra.) 
. St. George, A. U.: Report of a Case of Ectopia Cordis, Am. J. Dis. Child. 27: 594, 1924. 
. Wanstrom, R. C.: Fissura Sterni With Ectopia Cordis, J. Tech. Methods 16: 88-93, 
1936. 





GY 


CHRONIC CHYLOTHORAX ASSOCIATED WITH HYGROMA OF THE 
MEDIASTINUM 


ARTHUR S. W. Tourorr, M.D., AND GABRIEL P. SELEY, M.D. 
New York, N. Y. 


HIS case report is presented to demonstrate a satisfactory method of 
handling a patient with chronic chylothorax. 

K. U., a 3%-year-old boy, was admitted to Mount Sinai Hospital on April 4, 1950, 
for the treatment of a left chylothorax. At birth it was noted that the boy had a cardiac 
murmur, funnel chest, and incomplete separation of the toes. Following a respiratory 
infection at the age of 4 months, growth and development were poor. One month prior to 
admission he had been in another hospital where a diagnosis of chylothorax was made by 
physical and roentgenographic examinations and thoracentesis. 

Physical examination revealed a febrile dyspneic child, with marked sternal retrac- 
tion and dullness and diminished breath sounds over the entire left chest. A harsh systolic 
murmur was present over the entire precordium. Abdomen was distended; liver and 
spleen were both enlarged. Laboratory examination was noncontributory. 


Hospital Course.—Repeated thoracenteses were quickly followed by reaccumulation 
of chylous fluid containing a preponderance of lymphocytic-like cells. Although mediastinal 
tumor was considered in the differential diagnosis, an x-ray film following accidental pneumo- 
thorax ruled this out. Fig. 1 demonstrates the preoperative status. Thoracotomy was 
suggested and carried out on June 7, 1950. 

Findings and Operative Procedure.——The left chest was entered through the seventh 
intercostal space by a liberal posterolateral incision. The chest was filled with chylous fluid 
which was evacuated with suction. In the region of the lower end of the esophagus, just 
above the diaphragm, there was noted a leakage of chylous fluid. The mediastinal pleura was 
incised at this point and a number of dilated lymph ducts were noted, one of which extended 
along the diaphragm and onto the pericardium. These ducts were clamped, divided, and 
ligated. Extending upward along the aorta there was a large tumor-like mass which con- 
sisted of distended lymphatie ducts containing chyle. This tumor-like mass was dissected 
free from the aorta to which it was intimately adherent. The intervening channels were 
ligated as they were dissected free. After ligating all these various channels it was noted 
that there was still leakage of chyle in the region of the lower end of the esophagus. A 
number of ductlike openings were noted and ligated and by dissecting in and around the 
esophagus and the region between the esophagus and the aorta; a cloaca-like structure 
was dissected out, which occupied the mediastinum. The opposite pleura was deliberately 
entered to see if there was any leakage of chyle from the opposite side, but there was none 
and the pleura was closed. Because it was impossible to remove this entire lymphatic 
channel which really consisted of the mediastinum rather than one single duct, Lipiodol 
(about 5 ¢.c.) was injected into this region and the mediastinal pleura closed over 
loosely. The chest was closed in layers after a catheter drain had been inserted through 
a lower intercostal space. Penicillin (200,000 units) was instilled into the pleural cavity. 
Chromie and plain catgut were used throughout. 

The postoperative course was characterized by gastric and intestinal dilation 
which responded to conservative measures. Three weeks after the operation the left 
chest was entirely clear and there was no reaccumulation of fluid. Figs. 2 and 3 show the 


postoperative status with Lipiodol in situ. 


Presented at New York Society for Thoracic Surgery, May 16, 1952. 
Received for publication, Jan. 31, 1953. 
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Fig. 1.—Massive pleural effusion (chylous) on left side. 


KAU. 9-28-S0 


Fig. 2. Fig. 3. 


. 2—Lung completely re-expanded. No fluid in pleural cavity. 
Lateral view to show iodized oil in mediastinum. Pleural cavity free of fluid. 
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The pathology report on the specimen was hygroma and lymph nodes showing sinus 
endothelial hyperplasia. 

Follow-up Report.—On Sept. 25, 1950 (three months after the operation), the boy was 
readmitted because of an acute bronchitis and bilateral otitis media. The chest remained 
clear. A recent follow-up letter states that the boy is perfectly well and there has been no 
recurrence of the left pleural effusion. (It has been two years since the operation.) 


DISCUSSION 


The use of sclerosing solutions to produce a chemical pleuritis was 
popularized by Hennell' who used concentrated glucose solutions in the treat- 
ment of chronic tension pneumothorax. Concentrated (67 per cent) glucose 
can be followed by Lipiodol for a more severe and lasting effect. Lipiodol in 
this instance, by producing a plastic fibrinous exudate, sealed over the re- 
maining openings in the chyle duct after the main hygroma had been excised 
and the major channels closed by suture or ligation. Thus a new adjunct 
is added in the treatment of chylothorax. Since the presentation of this 
report we have had experience with a case of traumatic chylothorax success- 
fully cured by giucose instillations and chest aspirations. 

The ease presented also illustrates an additional variant in the etiology 
of spontaneous chronic chylothorax. 
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TRAUMATIC CHYLOTHORAX FOLLOWING ESOPHAGEAL 
RESECTION 


SypNEY Bressuer, M.D., F.A.C.S., Davin Wiener, M.D., F.A.C.S., anp 
SamMvueEL A. THompson, M.D., F.A.C.S. 
New York, N. Y. 


RAUMATIC chylothorax was first described, according to Olsen and Wilson,’ 

by Bartelot in 1633. There have only been sixty-nine cases reported in the 
literature to date. However, this does not mean that this condition is as rare 
as the paucity of reports would seem to indicate. With the great increase in 
intrathoracic surgical procedures in the past fifteen years, it is probable that 
this condition is met with more frequently. 


EMBRYOLOGY AND ANATOMY OF THE THORACIC DUCT 


The lymphatic system is closely related to, and developed concurrently with, the venous 
system. Sabin? believes that all lymphatics are developed as outgrowths of venous endo- 
thelium in six situations: two paired in the neck region, two paired from the iliac veins, 
and two unpaired, the retroperitoneal sac and the cisterna chyli. By continuous centrifugal 
growth and branching, lymphatic channels invade most tissues of the body. The original 
connections may be retained as the definite connections of the adult lymphatic system, or may 
disappear and become re-established later. Kampmeier? and Huntington,+ on the other hand, 
believe that the lymphatic system arises by the confluence of perivenous mesenchymal spaces 
to form larger spaces which in turn become confluent to form continuous vessels which even- 
tually open into the venous system. The cells lining the spaces are at first undifferentiated 
mesenchyma, but later become flattened to form the endothelium of the lymphatic vessels. 

In the human embryo the lymphatic spaces which represent the beginning of the definite 
lymphatic system appear in the jugular region of each side and coalesce to form the jugular 
lymph sacs at the 10 to 11 mm. stage. The jugular lymph sacs become closely associated 
with the lymphatics of the arm bud. The upper part of the thoracic duct, on each side, is 
formed from these lymph sacs. These channels become secondarily connectd with the de- 
veloping cisterna chyli to form paired thoracic ducts. 

There are many variations in the anatomy of the thoracic duct.5,6 The duct varies 
from 4 to 6 mm. in diameter. Its length is 38 to 45 em. It usually arises in a roughly 
triangular body, the cisterna chyli, which lies on the anterior surface of the second lumbar 
vertebra, posterior to, and to the right of, the aorta. The cisterna is the receptacle for all 
lymph from the lumbar area and intestines. Just above the cisterna, on either side, and 
emptying into it, are bilateral descending vessels which drain the lower six or seven inter- 
costal spaces. The thoracic duct extends upward along the right side of the aorta. It 
traverses the diaphragm through the aortic hiatus between the azygos vein and aorta. The 
duct usually deviates to the left at the level of the fifth dorsal vertebra. The ascent con- 
tinues behind the arch of the aorta and subclavian artery to the root of the neck where it 
may rise as high as 5 cm. above the clavicle. It then crosses in front of the subclavian 
vessels and empties into the left innominate vein at the angle of union of the left sub- 
clavian and left internal jugular veins. 


From the Department of Thoracic Surgery, Metropolitan Hospital. 
Received for publication Feb. 20, 1953. 
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PATHOLOGIC PHYSIOLOGY 


Normally approximately 130 to 190 ¢.c. of chyle pass through the duct hourly.7  In- 
anition and dehydration rapidly follow untreated chylothorax. The albumin depletion is 
most rapid and severe since the lymphatic system collects albumin from all the interstitial 
spaces of the body. 

There are several possible mechanisms for the production of chylothorax. According to 
Hammesfahr, as quoted by Watts,’ chyle escapes into the pleural cavity upon injury of the 
thoracic duct through normal intercellular spaces between the endothelial cells. Lillie and 
Fox® quoted Yates to the effect that there are no intercellular spaces in this region and that 
a perforation of the pleura is always present although it may not be recognized. Blalock, 
Cunningham, and Robinson,1° in their work on superior vena cava ‘‘tie offs,’’ state that 
chyle enters the pleural cavity through an uninjured pleural layer. Perhaps the delay in 
the presenting symptoms is due to the retropleural accumulation of chyle which eventually 
erodes the adjacent pleura changing the chyloma into a chylothorax. 


DIAGNOSIS 


Signs and symptoms of chylothorax are mechanical in nature and depend 
upon the space-oceupying effect of the accumulated fluid upon the lung and 
mediastinal structures. Chylothorax is more common on the right than on the 
left, except in cases of penetrating injuries where the hemithorax involved will 
depend upon the level of the penetrating wound. It will involve the right side 
in lower injuries and the left side in higher injuries. There is a drop in the 
eosinophil and lymphocyte counts, factors of some diagnostic importance. Klep- 
ser! suggests the following method as an aid in diagnosis. The patient is fed 
fat which contains a lipophilic coal tar dye, such as Sudan III. Within two 
hours the echyle becomes colored by the dye. 


TREATMENT 


The principles of treatment fall under four headings, and consist of redue- 
tion in the volume of chyle loss; maintenance of an expanded lung; prevention 
of infection, and maintenance of nutrition.- Conservative management should 
be tried first. This consists of repeated thoracenteses or continuous ciosed drain- 
age by an intercostal tube to keep the hemithorax free of fluid and the lung 
expanded. Usually these measures will suffice and a spontaneous closure of the 
chyle fistula will oceur. However, if, after an adequate trial at conservative 
treatment has failed, more definite measures should be tried. This consists 
of the ligation of the duet. Collateral chyle channels are soon established. 

We are reporting the following case of traumatic chylothorax subsequent to 
a resection of the esophagus for carcinoma. The chylothorax responded to con- 


servative treatment. 
CASE REPORT 

A. B., a 49-year-old Negro man, was admitted to the Metropolitan Hospital on April 
7, 1952, with symptoms of dysphagia of one month’s duration. At the onset he could not 
swallow solid foods without ‘‘washing down’’ with water. Over the ensuing four weeks, 
the difficulty in swallowing became worse; it became increasingly difficult to swallow soft 
foods and finally liquids. There had been a fifteen pound weight loss during this time. The 
physical examination revealed no positive findings except the evidence of recent weight loss. 
Esophagram revealed irregularity and narrowing in the mid-third of the esophagus. At 
esophagoscopy, a fungating mass was visualized. A biopsy of this mass showed epidermoid 
carcinoma. 
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Fig. 1. 














Fig. 3. Fig. 4. 
g. 1.—Preoperative roentgenogram showing defect in the mid-esophagus. 
Fig. 2.—Postoperative roentgenogram showing the patent anastomosis between esophagus 
and stomach high in the left chest and right hydrothorax (chylothorax). 
Fig. 3.—Roentgenogram showing increase in the right chylothorax. 
Fig. 4.—Roentgenogram showing complete re-expansion of the lung prior to removal of 
the intercostal catheter. 
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At operation on April 28, 1952, through a left thoracotomy approach, a very hard, 
elongated mass occupying the esophagus (extending from the aortic arch to approximately 
3% inches caudad) was encountered. The esophagus was adherent to the left main-stem 
bronchus. In mobilizing the esophagus a sucking sound was heard, and it was recognized 
that the right pleural cavity had been entered. The thoracic duct was not recognized during 
the dissection. A resection of the esophagus with a supra-aortic esophagogastric anastomosis 
was effected. The patient withstood the operative procedure well. Fluid was noted in the 
right chest on the first postoperative day but this was not unexpected as the right pleura had 
been entered during the operation. On the second postoperative day 1,500 c.c. of dark bloody 
fluid was withdrawn from the right hemithorax. This fluid was undoubtedly an admixture of 
blood and chyle which went unrecognized as chylothorax. On the tenth postoperative day 
the patient became markedly short of breath and there was radiographic evidence of almost 
complete right hydrothorax. Thoracentesis yielded 3,000 ¢.c. of thick milky liquid. For the 
next six days daily thoracenteses yielded from 2,300 to 3,000 ¢.c. of the same type of fluid. 
It was then decided to use constant suction drainage and this was accomplished by insert- 
ing a No. 16 catheter by the trocar-cannula method through the seventh intercostal space, 
laterally. Almost immediately there was a lessening of the drainage and after four days 
the chyle drainage ceased entirely. There was complete re-expansion of the lung. The 
catheter was then removed. From this time on, the course was uncomplicated. The patient 
was able to swallow a regular diet well. 

The patient has been followed with monthly esophagoscopy for the past 10 months. 
There has been no evidence of recurrence of the tumor and weight gain has been satisfactory. 
Barium studies show an elongated stomach in the left chest with a wide stoma at the level 
of the second interspace anteriorly. 


CONCLUSION 
We have reported a case of traumatic chylothorax due to unrecognized 
trauma to the thoracic duct sustained in the course of mobilization of the 
esophagus preparatory to its resection for carcinoma. There was an excellent 
response to the conservative regimen employed, namely, repeated aspirations and 
constant suction drainage. 
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LOCALIZED PLEURAL MESOTHELIOMA OF EPITHELIAL TYPE 


RayMOND YESNER, M.D.,* AND ALFRED Hurwitz, M.D.** 
NEWINGTON, CONN. 


TOUT and Murray’ emphasized the fact that pleural mesotheliomas were 

either diffuse or localized. Diffuse tumors are characterized by the 
presence of both epithelioid and spindle cells. The localized type do not have 
epithelioid elements but resemble a fibroma or fibrosarcoma because of the 
presence of spindle-shaped cells only. Mesotheliomas may grow to a large 
size, but rarely metastasize to distant organs. Most of these tumors are con- 
fined to the pleura but some infiltrate surrounding tissues. Hochberg? con- 
tended that they were all malignant and should be treated by radical pneu- 
monectomy and pleurectomy whenever possible. 

There are four main theories concerning their origin: (1) that they are 
secondary to occult primary cancers; (2) that they are derived from the 
endothelium of lymphatic vessels; (3) that they are an outgrowth of remnants 
of pulmonary epithelial tissue left during embryonic life; and (4) that they 
arise from the pleural mesothelial cells. The last hypothesis is the commonly 
accepted one. Clagett? has agreed with Klemperer and Rabin‘ that the 
localized mesotheliomas originate from the tissue beneath the superficial 
lining cells of the pleura in contradistinction to the diffuse form which arises 
from the surface lining. In Clagett’s series of twenty-four cases of localized 
fibrous mesotheliomas of the pleura, the histologic study revealed that all the 
tumors were composed of spindle cells which produce collagen intercellularly. 
The following case showed a localized pleural lesion with unusual histologic 
features. 

CASE REPORT 

A 25-year-old, well-developed, white man was admitted to the hospital on May 31, 
1951, because of a left hilar mass discovered on routine chest x-ray examination. 

Physical examination revealed depressed scars on the cheeks with a single, firm, non- 
tender node in the angle of the left jaw. On the right forearm and left shoulder there 
were noted several small, irregular, brown patches which were not raised and did not 
blanch on pressure. Clubbing of the fingers was not present. 

X-ray views of the chest revealed a rounded, sharply delineated mass in the left 
hilar region (Fig. 1), located in the posterior mediastinal area. Angiogram demonstrated 
that the lesion could be separated from the vascular channels. 
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Laboratory studies revealed that the hemoglobin was 14.5 Gm. and the white cell 
count 8,100. Two concentrated specimens of gastric juice were negative for tubercle 
bacilli and pathogenic fungi. Guinea pig inoculation and culture for micrococcus tuberecu- 
losis were performed and reported to be negative. 

Clinical Course.—The patient continued to be asymptomatic. Bronchoscopy was nega- 
tive. Fluoroscopic examination revealed that the lesion moved with movement of the lung. 
Biopsy of one of the skin lesions revealed chronic inflammation. On June 14, 1951, the 
pleura was opened through the bed of the sixth rib. Within the visceral pleura covering the 
apical segment of the lower lobe and relatively adherent to the mediastinal pleura was an 
oval, firm, dense mass, which measured 6 em. by 4 em. The tumor was peeled away from 
the periphery of the lung by sharp and blunt dissection, A small air leak was closed and a 
flap of parietal pleura was raised and sutured to the raw edges of the lung. A catheter was 
placed in the eighth intercostal space in the midaxillary line. 


Fig. 1.—X-ray film of the chest, taken May 31, 1951, showing the left hilar mass. 


The patient made an uneventful convalescence and was discharged on June 27, 1951. He 
was completely asymptomatic and in good health when seen on Oct. 27, 1952. At that time 
x-ray studies were within normal limits. 


Pathology Report——The specimen consisted of a coarsely lobulated, oval, firm mass, 
completely encapsulated by a thin, fibrous capsule to which a few heavier fibrous strands were 
attached (Fig. 2). It measured 6 em. by 31% em. by 3 em. It had a rather solid consistency. 
Small, yellow flecks were present beneath the capsule. The cut surface was mottled gray- 
white, yellow, and tan and presented a finely cobbled or naplike texture due to many tiny 
light gray and pink papillary projections measuring 1 to 3 mm. in diameter. Some of the 


larger structures had a more translucent appearance. Scattered throughout were many 1 to 2 
mm., bright yellow, irregular areas and a few 1 mm. eystie spaces filled with clear fluid or 
gelatinous material. Thin, fibrous trabeculae crisscrossed the entire surface (Fig. 3). 





gross specimen removed June 14, 1951. 


Fig. 2.—Lobulated, encapsulated, 


3.—Papillated cut surface of the tumor, 
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Fig. 4. 


Fig. 5. 


Fig. 4.—Low-power microscopic section of the tumor, showing connective tissue papillae 
covered by cuboidal cells. ; 
Fig. 5.—High-power microscopic section of the tumor, showing epithelial-like mesothelial 


ig. I 
cells covering stalks. There is no basement membrane. 
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Microscopically the lesion appeared to be benign, consisting of well-differentiated cells 
growing in papillary arrangement and enclosed in a fibrous capsule containing a few 
lymphocytes. The papillary projections were composed of a loose fibrous tissue core, vary- 
ing considerably in size and covered by uniform cuboidal cells strongly resembling mesothelial 
cells (Figs. 4 and 5). In some areas, the tissue was rather markedly edematous; in other 
areas, there were small foci of necrosis and fibrosis accompanied by macrophages with foamy 
cytoplasm. Basement membranes and mucicarmine positive material were absent. 


DISCUSSION 


Although this lesion was localized and well circumscribed, it differed 
from all previously described localized mesotheliomas in that the latter have 
all been of a fibrous nature. This tumor was essentially epithelial in nature, 
a characteristic of the diffuse, malignant mesotheliomas. Because of this dis- 
crepancy, consideration had to be given to several diagnostic possibilities. 
Metastatic papillary adenocarcinoma, particularly of the thyroid gland, was 
considered, but this seemed unlikely because of the pattern of the tumor, its 
location near the junction of the visceral and mediastinal pleura posteriorly, 
the morphologic resemblance of the principal cells to mesothelial cells, and 
the absence of mucicarmine positive material and of a basement membrane. 
The fact that the patient has remained well for one year and a half fortifies 
this opinion. Bronchiectatic reactive disease was considered but this was 
discarded because of the size and discreteness of the mass and its distance 
from the pulmonary parenchyma. Because of the tenuous connection of the 
lesion with a minute bronchus, the possibility of fetal lung was entertained, 
but this diagnosis seemed untenable because of the histologic pattern and the 
almost complete segregation of the mass from the lung. 

The most tenable diagnosis seemed to be localized mesothelioma of 
epithelial type. This opinion was corroborated by the staff and consultants 
of the Armed Forces Institute of Pathology. 

Many localized pleural mesotheliomas have been treated successfully by 
conservative resection,’ although Hochberg? states that radical pneumonectomy 
and pleurectomy should always be employed. Because of the localized, dis- 
crete nature of this lesion at operation and because of its location, a simple 
enucleation was performed. The patient’s uneventful course since operation 
and the apparently benign nature of the lesion tend to justify the procedure 
employed. 

SUMMARY 


The successful removal of an unusual localized mesothelioma of epi- 
thelial. type, occurring at the junction of the visceral and mediastinal pleura, 
has been described. 
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Announcement 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 


The 34th annual meeting of the American Association for Thoracic Surgery will be 
held May 3, 4, and 5, 1954, in Montreal, Que., Canada. Headquarters will be at the 
Sheraton-Mount Royal Hotel. 


Requests for Hotel Reservations 


These should be mailed directly to the Reservation Manager, Sheraton-Mount Royal 
Hotel, Montreal, Que., Canada. Please mention this Association, type of accommodation 
desired, date, and approximate hour of arrival. If accommodations are desired elsewhere, 
please communicate directly with hotel of your choice. 


Thoracic Surgical Forum 


After due consideration, the Council has decided to try an experiment by assigning 
one morning session to a “Thoracic Surgical Forum” for the presentation of short papers 
on current thoracic research, anatomy, modified surgical techniques, ete. Papers at this 
session will be limited sharply to ten minutes (including the showing of lantern slides or 
other illustrative material) with three minutes as the maximum discussion of each paper. 

These papers will be published together in one issue of THE JOURNAL OF THORACIC 
Surcery. Maximum length: 3,000 words without illustrations. If illustrated, an appropriate 
number of words must be subtracted for each cut used. 


Abstracts for Papers 


Abstracts for the presentation of papers at the 1954 meeting, including papers 
before the Forum, must be received on or before January 1, 1954, otherwise they will 
not be considered by the Program Committee. 

Abstracts should be labeled ‘‘For Forum’’ or ‘‘For Regular Program.’’ 

Five, repeat five, copies of each abstract should be sent to the Secretary of the Asso- 
ciation, Dr. Paul C. Samson, 2938 McClure St., Oakland 9, Calif. They should not be sent 
to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con- 
tents of the completed paper. 


Applications for Membership 


Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Jan. 1, 1954, to be considered for action in Montreal. 
Applications received beyond this deadline will be deferred for consideration until 1955. 

Applicants must be sponsored by three Active or Senior Members of the Association. 
In addition to the sponsoring statement on the application form, the sponsors must submit 
a separate letter concerning the applicant direct to Dr. Lyman H. Brewer, III, Chairman 
of the Membership Committee, 2010 Wilshire Blvd., Los Angeles, Calif. Completed 
application forms should likewise be sent to Dr. Brewer. These regulations are at the 
direction of the Council and were made effective in 1952 at Dallas, 
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